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It’s nice to have famify 
you can rely <m. 




Family which is always there to complete the task at hand. 

Toshiba believes in that kind of family unity. Which is 
why our family includes a complete range of portable 
computers. From our renowned battery powered laptop 
models to high powered portables capable of the most 
sophisticated desktop PC applications. 

It’s that multi-purpose ability which has made Toshiba 
the “first family” of portable computers in Canada. 

Working hand in hand with those highly 
successful computers is Toshiba’s 
of highly successful printers. 

Included among them is the 


world’s most popular 24-pin quality dot matrix models 
(technology which Toshiba pioneered) and the fast 
selling PageLaser 12 desktop laser printer. 

And, of course, you can count on every member of 
the Toshiba family for absolute reliability. Because we 
understand how important it is that your reach not 
exceed your grasp. 

Toshiba computers and printers. One proud family 
which will make you very happy. 

For more information, let a member of 
your family call us toll free at 
1-800-387-5645. 


TOSHIBA 

WE MEAN BUSINESS 

INFORMAriON SYSTEMS DIVISION 
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□ Highly selective, two-year traiaing 
program 

□ Campuses throughout North America 

□ Current theory mixed with practical 
hands-on training 

□ Modem state-of-the-art 24-track 
recording studios and digital audio labs 

□ All classes taught by qualified, working 
professionals 

. QJob placement assistance 
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Come to the show where 
the best seat hi the house 
is on the floor. 

The Ottawa Business and Government Coir^uter Show 

September 21st & 22nd, 1988 

You’re invited to the ultimate source of computer Join us September 21st, 10 a.m. - 8 p.m. and 

solutions, discussion and discovery for today’s business September 22nd, 10 a.m. - 6 p.m., at the Civic 
and government professional. Come enlighten Center, Lansdowne Park. Registration is only $6.00 

yourself in Free Vendor Seminars, enrich yourself and even less when you bring a copy of this ad to the 

with Special Attendee Promotions and enhance your Show! Registration restricted to business and 

knowledge of the latest in high-technology innovation. government professionals 18 years and over. 



INDUSTRIAL TRADE & CONSUMER SHOWS INC 


Save *5“ on registration — brii^ a copy of this ad! 



Our Cover 

The Amiga Genlock provides 
some familiar titling graphics, 
and the CAT scanner performs 
in an Epson printer; 
photos by Bill Markwick. 
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Telephone Toll Restrictor 


The Tel Sentry is said to stop all un- 
authorized use of a telephone by restrict- 
ing chargeable calls. TTiis includes long 
distance, information, operator and 976 
numbers while still permitting use of 
emergency and 800 numbers. Bielous 
Holdings. 
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Satellite Receiver Card 



The Micro-Sat card plugs into an IBM PC 
and demodulates satellite data at up to 
9600 baud. Audio, video and baseband 
are available via jacks on the rear edge 
connector. Applications include private 
satellite networks, data bases and video 
education for small businesses and schools 
and many others. Norsat International. 
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33MHz 68030 

Motorola announces the enhancement of 
the 32-bit 680(X) family with the develop- 
ment of a 33MHz 68030 microprocessor. 
This makes it, at present, the fastest clock- 
speed, general-purpose micro. Manufac- 
turing in quantity ^ begin in the fourth 
quarter of 1988. 

Hewlett-Packard and Sony have both 
announced workstations using the 25MHz 
68030. 

Barcode Label Generator 

A personal computer and a dot-matrix 
printer can be used to generate barcodes 
from different families of codes, including 
mterleaved 2 of 5, code 39, code 93, etc. 
Text can be added to any of the labels. 
Chassels (Computer Systems. 

Circle No. 5 on Reader Service Card 


6 


E&TT August 1988 




New HEXFETs 

International Rectifier Canada Ltd an- 
nounces the expansion of their HEXFET 
line of power FETs to include 800, 900 
and lOOOV devices. The on-resistance of 
the high-voltage types ranges from 3.2 
ohms to 115 ohms. Current handling is 
from 13A to 3.7A. Packaging is TO-3 
metal, TO-3P plastic or TO-220 plastic. 
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Co-processor Accelerator 

Symbiotic Technologies has introduced a 
product that can speed up the math co- 
processor on a PC/AT by up to 50%. The 
Co-Clock allows the 80^7 to run inde- 
pendently of the motherboard. The device 
installs under the math chip and takes up 
less than 1/4” of space. The Co-Clock sells 
for $89.95 US. Symbiotic Technologies. 
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Conductive Adhesive 

Hysol Electronic Chemicals Division of- 
fers a silver filled, one- component epoxy 
adhesive for general-purpose electrical 
and electronic applications. K01008 
electrically conductive adhesive is suited 
for bonding quartz crystals, surge arrestors 
and other passive devices. Cure time is 30 
minutes at 165°C. 
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Switching Power Supples 

The Condor line of power supplies now 
provides the V series of mid-range PSUs. 
The VFA quad o/p at 85 watts has + 5V, 
+ 12V, -12V and an isolated 12V. The 
VHA is similar with lOOW capability, and 
the VKA is 125W. Units may be con- 
nected in series using the isolated output. 
Typical applications include computers, 
instrumentation and automated equip- 
ment. Duncan Instruments. 
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1C Relay Manual 

A 96-page Designer’s Manual for solid 
state relays covers the IRC Chipswitch 
series and the photovoltaic relay with a 
MOSFET- type structure. Topics covered 
include inductive load operation, thermal 
management, multiplexers and reliability. 
International Rectifier Canada. 

Circle No. 10 on Reader Service Card 

Another Right Simulator 

Electronic Arts announces the F/A-18 In- 
terceptor for the Amiga, set in the San 
Francisco Bay Area and including six 
combat missions. Users can fly an F-18 
from a carrier or an F-16 from land, much 
like the SubLogic Jet simulator. 



ORIGINAL TRI-MODE parts $89.95, 
SB3 Parts $69.95, Notch Filters 
$39.95, Catalogues $1 .00, 

GENIE, Box 522, Montreal, PQ, 

H3S 2V3 


CABLE TV DESCRAMBLING 
TECHNIQUES. 56 pages. $13.95. 
Channel 3 notch filter $39.95. 

Amazing see-in-the dark infra-red night 
view kit $295.00. SCA background 
music kit $49.95. Catalogues $1.00. 
OCTE(J), Box 173, Montreal, PQ., 

H3X 3T4. (514) 739-9328. 


BUSINESS OPPORTUNITY FOR A 
RETIRED OR SEMI-RETIRED 
TECHNICIAN/HOBBYIST with sound 
knowledge and enthusiasm in 
electronics and be capable of prepar- 
ing catalogue and communicating with 
customers to operate an electronic 
parts and kits business on profit shar- 
ing basis.lf interested, please call 
Randolph, SUNIX, INC. (416)856-2222. 


CAPITAL CITY surplus electronics 
and other items for the hobbyist and 
handyman at bargain prices. 

Why pay more? 1063 Wellington St., 
Ottawa, Ont. (613)729-5551. 
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ATI 

2400etc 

Modem 

A new higbperfomiance modem 
from the makers of 
the Wonder graphics di^slay cards. 



A modem is a smallish hunk of 
fiberglass circuit card, attached at 
one end to a phone line and at the 
other end to your computer. That 
just about describes most of the 
little devils... but even within these 
rather narrow limits, some are 
more interesting than others. 

The new 2400etc modem is interesting 
for a number of reasons. Not the least of 
these is that it comes from ATI Tech- 
nologies, the Toronto born and based 
company that now claims to be the largest 
manufacturer of video cards in the world. 
ATI has built a strong reputation, and 
carved a roomy niche in the video market, 
by virtue of extra features and hot pricing, 
first with its Graphics Solution, then the 
EGA Wonder, the VIP, and presumably 
no less so with the soon to be released 
VGA Wonder. The company claims to 
hold an incredible 85% of the Canadian 
video card business, both under its own 
brand name and through its various OEM 
contracts. 

Having conquered the video bat- 
tleground quite satisfactorily, ATI began 
searching for new opportunities. The 
2400etc is just the first outward venture. 
We'll be seeing a few other goodies soon 
— more of this in a moment. 

To Begin 

Aside from its parentage, the 2400etc is an 
interesting entry for much the same 
reasons that the EGA Wonder was a 
popular graphics card. 

To begin with, the price is very right — 
just about three hundred and fifty dollars, 
Canadian. This includes everything you 
need to get rolling at 2400 baud, such as 
hardware software. 

Secondly, the 2400etc provides features 
that put it just slightly ahead in the 
price/performance department. For in- 
stance, the 2400etc incorporates the latest 
MNP Class 5 Error Correction protocol, 
formerly seen only in far more pricey 
equipment. MNP is a whole story unto it- 
self but let's just say that it's mainly a data 
compression scheme. Your outgoing data 
is analyzed, squeezed down to minimize 
the actual number of transmitted bits, and 
then sent out over the phone wire. Under 
ideal conditions, MNP can double your 
transfer rate, giving the equivalent of 4800 
baud uncompressed transmission. 

Of course, conditions are never ideal, so 
the MNP system in the 2400etc also in- 
cludes a certain dose of smarts. The 
modem continually monitors line condi- 
tions, and adjusts the size of its transmitted 
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“packets”. An error free line can accom- 
modate large, efficient packets. On noisy 
lines, the modem will send smaller pack- 
ets, minimizing the chances of an error in 
any specific packet. 

The trick with MNP, as with the higher 
baud rates now available, is that both the 
sending and receiving modem must sup- 
port the whole song and dance. The 
2400etc has “dynamic fallback”, stepping 
down through MNP levels four, three, two 
or one, as required. If the communicating 
modem has no MNP, the 2400etc will also 
give up and work in standard Hayes mode, 
just as it will automatically adjust to lower 
baud rates, 1200 or 300. 

When you want to communicate, stand- 
ardization is a must, and the 2400etc sup- 
ports Hayes orthodoxy to the letter. Of 
course, ATI has gone to the trouble of ad- 
ding a few sneaky command codes of its 
own, that do nothing to interfere with nor- 
mal operations. 

The 2400etc can be configured as COM 
ports 1 through 4, using externally acces- 
sible DIP switches. The otherwise little- 
used COM 3 or 4 settings should keep the 
modem clear of most existing serial ports, 
essentially giving your machine a “third 
hand”. I found that aU the settings worked 
nicely, and configured equally well via 
Mirror H. 

It is comforting to know that the 
2400etc is manufactured in Toronto, 
rather than in some nameless Taiwanese 
basement. IPs still more comforting to 
know that ATI warrants the card for two 
years, which should be just about long 
enough for anybody. 

If youVe already dealt with some of the 
cheaper clone type modems, you’U find 
the 2400etc documentation quite a treat. 
IPs obviously been written and typeset by 
literate, knowledgeable human beings, 
rather than the alien technoids who seem 
to spew forth the photocopied docs that 
accompany most bits of “no name” 
hardware. The manual covers installation, 
setup, testing and operation in good detail 
and good English. There are complete, 
detailed listings of all the “AT” command 
codes, and lots of other, more esoteric in- 
formation. 

Mirror II 

The 2400etc is being bimdled with Mirror 
II communications software, published by 
SoftKlone Distributing. This company 
chose its name most advisedly, because 
Mirror II is an unabashed, although en- 
hanced, clone of the popular Crosstalk 
XVI system. 
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The neatest thing about the version of 
Mirror II supplied with the 2400etc is that 
it includes a complete custom installation 
script specifically designed for the 2400etc. 
To get up and running, all you have to do 
is make a working copy of the Mirror disk, 
then run the program. A self prompting 
installation procedure asks you which 
COM port you’ve set up for, and whether 
you want MNP enabled. That’s about all 
there is to it. 

Mirror 11 is nothing if not powerful The 
system is command driven, with a status 
(isplay available at a touch of the home 
key. It supports all the usual download 
protocols, such as XMODEM, 
YMODEM and Kermit, with background 
multitasking operation if you need it. It has 
a built-in WordStar type text editor. 
There’s online help. Also terminal emula- 
tions, such as the ubiquitous VT-IOO. 

The Mirror 11 manual is an inch-thick 
paperboimd textbook that should serve as 
an excellent adjunct to ATI’s own 
hardware docs. The Mirror book starts 
with elementary topics such as “what is a 
modem”, and covers everything including 
how to wire up a serial cable, standard or 
“null modem” flavom-, in addition, that is, 
to explaining how to use the Mirror 
software itself. 

To be fair. Mirror n may not be the 
friendliest communications software 
around. However, the command driven 
structure is sensible, well documented. 


and well supported by the online help 
facility. On the basis of sheer power, you’d 
never need another communications 
package. Personal tastes are another mat- 
ter, and there you’re on your own. 

Finaly 

As mentioned at the top, the 2400etc is far 
from the end of the story. ATI already has 
further plans for its fledgling modem 
lineup. To begin with, the basic 2400etc 
machinery will be repackaged as a stan- 
dalone unit. Cases are now being molded. 
ATI is hinting at some extra features for 
this version, though we can’t be too 
specific yet. Users will be able to take their 
pick — extra features, or extra desk space. 

“Obviously”, a 9600 baud unit is being 
seriously considered. ATI says we can 
‘look for some surprises” with this one, 
but isn’t being specific just yet. 

The 2400etc is not technologically 
revolutionary, but it may mark a bit of a 
communications revolution nonetheless. It 
should place high power, high quality 
modem hardware in the hands of many 
users who would formerly have been 
financially discouraged from anything but 
the simpler, cheaper twelve hundred baud 
units. There’s no way to predict whether 
ATT can repeat its earlier video card tri- 
umphs. However, there is no doubt that 
the 2400etc is a solid piece of work, and a 
very solid value. Personally, I think we’ll be 
seeing a lot of them. ■ 
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Themial Alaim 

An audUe warning of high tempeiature 
such as car overheating. 




gine mounted temperature sensor, is 
housed m a plastic box with an audible 
warning device mounted on top. A ter- 
minal block connects the sensor and car 
electrical supply. The sensor is attached 
with adhesive so, although firmly mounted 
on the engine, it may be removed should 
the need arise. 

Circuit description 

The circuit of the Overheating Alarm is 
shown in Fig. 1; ICl is an operational 
amplifier used in comparator mode. It 
switches on when the temperature of the 
sensor, Rl, rises above some preset value 
— nominally 95 degrees C. The potential 
divider R3/R4, applies a fixed reference 
voltage to ICl non-inverting input (pin 
three). A second potential divider is formed 
between R2.and VRl in the upper section 
and Rl in the lower one. Since Rl is a nega- 
tive temperature coefficient device, its resis- 
tance falls as its temperature rises. Thus, the 
voltage applied to the inverting input falls 


I his circuit is designed to detect high 
temperatures, and has many uses; It 
could also be useful to readers who 
exp)erience overheating problems with 
any car. It is suitable for both positive 
and negative ground systems. 

Audible warning 

Although the car may be fitted with a 
water temperature gauge, the reading on 
this is easily missed m audible warn- 
ing is more effective in attracting attention. 
Some designs produce a continuous signal 
in the event of overheating. This is un- 
necessary and causes undue annoyance, 
especially since it may take several minutes 
for the engine to cool to normal operating 
temperature again. In the present system, 
a short bleep (of nominally one second 
duration) is given each half-minute. This 
gives excellent warning without being 
obtrusive. 

The entire circuit, apart from the en- 


with rising tem|3erature. 

With correct adjustment of VRl, the 
inverting input voltage will fall below the 
non-inverting one at the required 
temperature. ICl output (pin six) then 
goes high (positive supply voltage). This 
allows no current to flow through R6 and 
D2 since D2 is reverse- biased. There is 
therefore no effect on IC2 which functions 
as a free running multivibrator producing 
a train of positive-going pulses fi-om its 
output (pin three). With the values of Cl, 
R7 and R8 used in the prototype, each 
pulse will be high for 30 seconds and low 
for one second approximately. 

Transistors TRl and TR2 invert the pul- 
ses to give short high and low states (see Fig. 
2). This happens in the following way. With 
IC2 pin three high, current flows through 
R9 to the base of TOl, turning it on. TRl 
collector is then low so TR2 is off. With IC2 
pin three low, TRl is off with its collector 
high. TR2 is then switched on and the 
audible warning device, WDl, in its collec- 
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tor circuit operates. The inverting effect 
causes WDl to bleep for one second each 
30 seconds approximately. With R1 below 
the operating temperature, ICl pins two 
and six low also, resulting in ICZ output 
being high continuously. After inversion 
WDl remains off. 

The purpose of R5 and Zener diode, 
Dl, is to stabilize the supply to the op-amp 
mputs for precise operation. D3 and C3 
smooth the fluctuatioiis produced by the 
car generator, FSl is a fuse which protects 
the system from accidental short-circuits. 

Construction 

Construction is based on a circuit panel 
made from a piece of 0.1 inch matrix strip- 
board size 11 strips by 34 holes. Refer to 
Fig. 3. Drill the two mounting holes and 
make all breaks and inter- strip links. Use a 
small drill to make the break and check 
that these are complete. Follow with the 
soldered on-board components. Note that 
Cl, C3 and the diodes must be connected 
the correct way around. Solder lengths of 
light-duty stranded connecting wire to strip 
E on the left-hand side and strips A and J 
on the right- hand side of the circuit panel. 

Refer to Fig. 4 and mount WDl (iLsing a 
little glue around the rim), FSl and TBl on 
the lid of the case (see photograph), WDl 
could be direct surface-mounted if desired. 
Drill a 3 mm diameter hole near TBl for 
the wires passing through from inside. 
Complete aJl wiring and mount the circuit 
panel on the lid of the box using the holes 
drilled for the purpose. Drill a hole in tlie 
side of the case so that VRl may be ad- 
justed using a small screwdriver when the 
lid is in position. Leave VRl adjusted to ap- 
proximately mid-track position, insert the 
fuse and fit the lid checking for trapped 
wires. 

Sensor 

The bead thermistor used for the sensor is 
delicate and needs good protection. Fig. 5 
shows how this was achieved in prototype. 
The sensor should be attached to di sheltered 
part of the engme where it will not be sub- 
ject to the effect of cool moving air — make 
a small shield if necessary. Choose a part of 
the engine which becomes hot in operation 
and is clear of moving parts. Clean this part 
carefully and roughen the surface with fine 
sandpaper. Treat the attachment surface of 
the sensor in a similar fashion. Bond the 
sensor in position using a thin film of quick- 
setting expoxy resin adhesive. 

Use light-duty auto type wire for all con- 
nections — where it passes through any 
hole in metal use a rubber grommet. For a 
Ed-TT August 1988 



Fig. 1 Grant diatom of the Thermal Alarm. 



Fig. 2 IC2 output and WDl drive waveforms. 



Fig. 3 Veroboard layout and wiring. 


11 


Thermal Alarm 


(Tr. 





LID SECTION OF BOX 






Fig. 4 Interwiring diagram. 




negative-ground car, connect the sensor 
wires to TBl/2 and TOiy3. Find a suitable 
fuse which is live only when the ignition is 
switched on and connect this to TBl/1. 
Make sure that the correct side has been 
used — when the fuse is removed the cir- 
cuit should not work. Connect TBl/3 to an 
ground point (car chassis). For a positive- 
ground vehicle, make the sensor connec- 
tions to TBl/2 and TBl/3. Connect the fuse 
to TBl/3 and TBl/l to the ground point. 

Adjust VRl over a trial period so that the 
alarm just remains off with the engine at 
normal operating temperature. Clockwise 
rotation of the sliding contact increases the 
operating temperature and vice-versa. 
Once adjusted, the unit may be hidden be- 
hind the car dashboard. If the alarm tends 
to Of)erate when the car is travelling slowly 
but not at higher speeds, this usually means 
that the sensor is badly sited and needs ad- 
ditional shielding from moving air. ■ 



Resistiors 


Resistiors 

R2, R5, R8 Ik 

R3,R4 100k 

R6 2k2 

R7 47k 

R9 ..4k7 

RIO 10k 


All 0.25W carbon 

P Otet TiiotTieter 

VRl 100k miniature vertical 
preset 

Capgiri tnrs 

Cl lOOOu elect. 16V 

C2 lOn 

C3 220u elect. 16V 

Semiconcluctors 

ICl 741 op amp 

IC2 555 timer 

TRl, TR2 general purpose npn 
silicon, 2N3904, etc. 

D1 lOV Zener diode 

D2.D3 1N4001 

Miscelaneous 

R1 bead thermistor, resistance at 20C 
IM 

WDl 12V solid-state buzzer 
FSl chassis fuseholder with lA fuse. 
TBl terminal block — three sections. 
8-pin DIP sockets (2); plastic box ap- 
prox. 120 X 65 X 40mm; 0.1 inch metric 
stripboard size 11 strips x 34 holes; 
stranded wire; connectors; materials 
for sensor (see text). 
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Introducing 

Microprocessors 

Parts 

This month we iook at I/O, methods for 
input to and output from a microprocessor system. 

MIKEILEY 


1 * he general learning objective for 
part six is that readers should be able 
to describe the internal architecture 
and facilities provided by a typical 
programmable parallel I/O device. 

The specific objectives for Part Six are 
as follows: 

4.1 I/O Methods 

4.1.1 Distinguish between memory 
mapped and port I/O techniques. 

4.1.2 Draw and interpret the block 
diagram of a simple memory mapped I/O 
and state the function of each block 

4.1.3 Draw and interpret the block 
diagram of a simple port I/O and state the 
function of each block. 

4.2 Projorammable 
Paralell/O Devices 

4.2.1 Describe and distinguish between 
serial and parallel data transfer. 

42.2 Describe the reasons for using paral- 
lel I/O devices and explain why they need 
to be programmed. 

4.23 Draw and inteipret a block diagram 
to show the simplified internal arclutec- 
ture of a representative programmable 
parallel I/O device. 

4.2.4 State the function of each of the prin- 
cipal internal elements of a representative 
programable parallel I/O device. 

Input and Output 

All microprocessor based systems require 
means of inputting and outputting data. 
The input/output (I/O) provision in a 
microprocessor based system will obvious- 
ly be dictated by the application for which 
ECrTT August 1988 


it is intended. As an example, a 
microprocessor based central heating con- 
troller might have as its input a small 
keypad together with one or more 
temperature sensors interfaced to the sys- 
tem by some additional signal conditioning 
circuitiy. The output of the central heating 
controller might comprise a simple status 
display using light emitting diodes together 
with relay outputs for controlling a boiler 
and a central heating pump. 

The I/O provision in a f)ersonal com- 
puter would be vastly different. User mput 
would be provided via a conventional 
QWERTY keyboard and joystick port 
while outputs would be provid^ for a TV 
or monitor (VDU) and also for a printer 
using the popular Centronics parallel in- 
terface. In addition, an RS-232C serial I/O 
port may be provided in order to facilitate 
data exchange with other microcomputers 
or with a modem. 

Despite the obvious difference m the 
I/O provision of the two systems, it is 
eminently possible for them to use identi- 
cal I/O devices (at least as far as the paral- 
lel I/O provision is concerned). 

Parallel versus serial I/O 

The personal computer mentioned earlier 
has provision for both parallel 
(Centronics) and serial (RS-232C) I/O. 
Parallel I/O involves transferring data one 
byte at a time between the miaocomputer 
and peripheral along multiple wires 
(usually eight plus a common ground con- 
nection). Serid I/O, on the other hand, in- 
volves transferring one bit after another 
along a pair of lines (one of which is usual- 


ly a ground connection). 

In order to transmit a byte (or group of 
bytes) the serial method of I/O must in- 
volve a sequence or stream of bits. The 
stream of bits will continue until all of the 
bytes concerned have been transmitted 
and additional bits may be added to the 
stream in order to facilitate decoding and 
provide a means of error detectioa 

Since data present on a microprocessor 
data bus exists in parallel form, it should be 
apparent that a means of parallel-to- serial 
and serial-to-parallel conversion will be re- 
quired m order to implement a serial data 
link between microcomputers and 
peripherals. 

Memory mapped 
versus port I/O 

In the last part we briefly mentioned that 
I/O can be “mapped” into the address 
space of a microprocessor based system. 
In such -pases, the processor does not dis- 
tinguish between memory and I/O when it 
performs its read and write operations; the 
processor treats I/O devices in much the 
same way as RAM and ROM. 

Some processors (notably the 8085 and 
Z80) can make a distinction between 
memory and I/O devices and have control 
signals which are used to qualify their read 
and write operations. In order to make use 
of this fadlify, a number of software instruc- 
tions are provided which deal exclusively 
with mput (read) and output (write) opera- 
tions to I/O devices. TWs type of I/O is 
usually described as “port I/O”. 

In the case of the 8085, a single control 
line is used to inform the system whether 
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A15 

A14 

A13 

A12 

All 

AlO 

CS2 CSl CSO 

Block 

selected 

Address range 
(hex.) 

0 

0 

0 

0 

X 

X 

1 

0 

1 

RAM 

OOOO-OFFF 

1 

0 

0 

0 

0 

0 

0 

1 

1 

I/O 

8000-8400 

1 

1 

1 

1 

1 

X 

1 

1 

0 

ROM 

F800 FFFF 


Table 6.1 Truth table for the address decoder in Fig. 6. 1. 


the current read or write cycle relates to 
I/O or whether it is directed at memory. 
Not surprisingly, this line is marked lO/M; 
the line is taken high to denote an VO 
operation and low to signal a memory 
read or write. 

In the case of the Z80, two separate 
control lines are provided. Both of these 
lines are active-low {ie, asserted when 
taken to logic 0.) The Z80's MREQ 
(memory request) signal is asserted (taken 
low) when the processor is performing a 
memory read or write whereas its lOREQ 
(input/output request) signal is asserted 
(taken low) when the processor is per- 
forming an equivalent operation to a 
peripheral VO device. 

The architecture of a representative 
microcomputer using memory- mapped 
VO is shown in Fig. 6.1. Note that the six 
most significant addresses (AlO to A15) 
are fed to an address decoder, the outputs 
of which are used to drive the active-low 
chip select (CSC) lines of the ROM, 
RAM, and VO devices. The VO device, 
for example, is selected (enabled) when- 
ever CS2 goes low. The address decoding 
is, of course, arranged so that only one of 
the chip select lines goes low at any time. 
The action of the address decoder can be 
e:q)lained using Table 6.1. 

Problem 6.1 

Refer to Fig. 6.1 and Table 6.1. 

(a) What is the capadty of the ROM? 

(b) How many I/O addresses are 

provided for? 

(c) How much RAM space is provided? 

The architecture of a representative 

microcomputer using port VO is shown m 
Fig. 6.1. Tliis system is a little more com- 
plex than its memory mapped counterpart 
and it is important to note that the proces- 
sors MREQ and lOREQ control signals 
are fed to the address decoders and are 
used in the production of the ROM, 
RAM and I/O block chip selected signals 
(CSO, CSl, and CS2 respectively). The 
upper address decoder logic is arranged 
so that CSO and CSl can only be asserted 
when MREQ is taken low, (ie, when the 
processor is performing a memory read or 
write). Note that address lines AlO to A15 
are still used by the upper decoder to dis- 
tinguish between ROM and RAM. 

The lower address decoder logic is ar- 
ranged so that CS2 can only be asserted 
when the lORQ line is taken low. The in- 
ternal re^sters of the VO device cor- 
respond to a set of four unique addi esses 
determined by the state of the two least 
significant address lines (AO and Al). 

14 


To illustrate the difference between 
memory mapped and port VO as far as 
software is concerned, consider the simple 
problem of reading a byte from one VO 
address and transferring it to another. 
Let’s assume that the memory mapped 
system has input and output addresses of 
8001H and 8003H while the correspond- 
ing addresses for the port based system 
are OlH and 03H. Typical assembly lan- 
guage routines for 6502 (memory 
mapped) and Z80 (port VO) processors 
would take the form: 

6502 (memory mapped) 

LDA $8001 ; Load accumulator from 
input 

from input 

STA $8003 ; and transfer to the output 

Z80 (port I/O) 

IN A, (OIH) ; Read the input port and 
OUT (03H), A ; transfer to the output 
port 

Readers should compare the foregoing 
fragments of code noting how the “load 
from memory” (LDA) and “store in 
memory” instructions of the 6502 are 
replaced by the IN and OUT instructions 
of the Z80. Note also the difference in 
conventions for expressing hexadecimal 
numbers (the leading $ and trailing H) 


and that the port addresses for the Z80 
are contained within brackets. 

Problem 6.2 

Refer to Fig. 6.2 and Table 6.2 What 
operation is being carried out when: 

(a) MREQ is low, lOREQ is high, and 
AlO to A15 are all low 

(b) MREQ is low, lOREQ is high, and 
AlO to A15 are all high 

(c) MREQ is high, lOREQ Ls low, and AO 
to A7 are all low? 

Parallel I/O devices 

Microcomputer VO is greatly simplified 
with the use of one or more sophisticated 
VLSI devices, the operational characteris- 
tics of which can be established by writing 
data to one, or more, mtemal registers. 
This property is the key to making devices 
suitable for a wide range of applications 
and provides the miaoprocessor system 
designer with a great ded of flexibility: the 
I/O configuration of a system may be 
modified using nothing more than a short 
sequence of software instructions. 

VLSI parallel VO devices enjoy a variety 
of names depending upon their manufac- 
turer. Despite this, parallel VO devices are 
remarkably similar in internal architecture 
and operation with only a few subtle dif- 
ferences distinguishing one device fi'om the 
next (see Data Card No. 6 for details). 
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Fig. 6.2. Architecture of a representative microcomputer using port HO. 
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0 

X 

X 

0 

1 

1 0 1 

RAM 

OOOO-OFFF 

1 

1 

1 

1 

1 

X 

0 

1 

1 1 0 

ROM 
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X=don't care 


A7 A6 A5 A4 A3 A2 A1 AO 

MREQ lOREQ 

CS2 CS1 CSO 

Block 

selected 

Address range 
(hex.) 

ooooooxx 

1 0 

0 1 1 

I/O 

00-01 


X=don't care 

Table 6.2. Truth tables for the address decoders m Fig. 6.2. 


The internal architeanre of a repre- 
sentative parallel I/O device is shown in Fig. 
63. Despite the complexity of this diagram, 
parallel I/O is really quite straightforward. 
When used for output, the I/O device must 
latch data from the system data bus into a 
byte-wide output register. This register will 
preserve the data written to it so that it can 
be presented via a buffer, to the outside 
world. When used for input, the I/O device 
must contain an octal tri-state buffer which, 
when enabled by the appropriate read in- 
struction, will place the data received from 
the peripheral onto the system bus. 

In common with most programmable 
parallel I/O devices, the chip shown in Fig. 
6.3 provides two independent 8-bit I/O 
px)rts (labelled A and B). Each port has an 
Output Data Direction Register (DDRA 
and DDRB), and a Control Register (CRA 
and CRB). Interrupt Status Control cir- 
cuitry is also provided for “handshaking”, 
the apdy named process by which control 
signals are exchanged between the 
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miaocomputer and peripheral devices. 

The function of the signals shown in 
Fig. 3 may be summarized: 

CPU Side 

DO to D7 System data bus. 

CS Active-low chip select line. This line is 
asserted whenever the CPU wishes to 
read or write to the I/O device. 

RSO and RSI 

These Register Select lines used to distin- 
guish the internal registers of the I/O 
device. Note that since the two Register 
Select lines are connected to two of the 
address bus lines (usually AO and Al), the 
device will occupy four memory locations. 
R/W Read/Write 

This is the standard CPU control signal. 

IRQA and IRQB. 

These two lines are used to provide inter- 
rupt request signals for the CPU. Each 
line is associated with a different port. 

RESET Active lowsystem reset ine. 

When asserted, this signal places the inter- 


nal renters of the VO device in a known 
state. 

Peripheral Side 

PAD to PA7 Port A I/O Ines 

0 corresponds to the least significant bit 
(LSB) while 7 corresponds to the mast 
significant bit (MSB). 

CA1 and CA2 Handshaking 
lines for port A 

CAl is an interrupt input while CA2 can 
be used as both an interrupt input and 
peripheral control output. 

PRO to PB7 Port B I/O lines 

0 corresponds to the least significant bit 
(LSB) while 7 corresponds to the most 
significant bit (MSB). 

CB1 and CB2 Handshaking 
ines for Port B 

CBl is an interrupt input while CB2 can 
be used as both an interrupt input and 
peripheral control output. 

As mentioned earlier, programmable 
devices can be configured imder software 
control. Several options are normally 
provided including; 

(a) making all eight lines of a designated 
port inputs 

(b) making all eight lines of a designated 
port outputs 

or (c) individually configuring port lines 
as either inputs or outputs. 

This process is carried out by sending 
(writing) a Mode Setting Word to the 
Control Register. A subsequent word may 
also be written in order to define the 
direction of lines within a port and this 
byte will be placed in the corresponding 
Data Direction Register. 

The bit positions in each Data Direc- 
tion Register correspond to similarly num- 
bered peripheral fines in the port con- 
cerned A logic 0 placed in a particular 
position will define the corresponding 
peripheral fine as an input, and vice versa. 

The Re^ster Model of the program- 
mable VO device is shown in Fig. 6.4. Note 
that this model dispenses with much of the 
detail shown in Fig. 63 and simply treats 
the I/O device as two groups of three 
registers. We shall examine the process of 
programming I/O devices in much greater 
detail in part Eight. 

Next Month 

We shall be dealing with methods for in- 
terfacing microprocessor based systeifis 
with such commonplace devices as 
LEDs, relays, and switches. 

Glossary 

Keyboard 

Group of push button switches used for 

15 


Introducing Microprocessors, Part 6 


CPU SIDE 


PERIPHERAL SIDE 


INTERRUPT 
STATUS 
CONTROL A 


DO- 
D 1 - 
D 2 - 
D 3 - 
D4 - 
D5- 
D6 - 
D7 - 


DATA BUS 
BUFFERS 
(DBB) 




BUS INPUT 
REGISTER 
(Bi R) 




CONTROL 
REGISTER A 
(CRA) 


DATA DIRECTION 
REGISTER A 
(DDRA) 


H 





OUTPUT 
REGISTER - 
(ORA) 




OUTPUT 
REGISTER = 
ICRB i 




c> 




control 

REGISTER B 
(CRB) 


C> 


; /O PGR"^ A 
DATA BOPFER 


• PAC 

- PA' 

■ PA2 

- PA 3 
» PA- 


H 


:a'a o.rec^ 0' 
RE3.STER B 
iCDRB 


interrupt 

STATUS 
CONRCL B 


Fig. 6.3. Architecture of a representative programmable parallel HO device. 
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Fig. 6.4. Register model of a programmable parallel I/O device. 


manually inputting information to a 
microcomputer system. Most keyboards 
cater for letters, numbers and punctuation 
and follow the general layout convention 
used for typewriters. This is often referred 
to as a “QWERTY keyboard” by virtue of 
the position of the keys. 

Light emittiig diode (LED) 

A diode which becomes illuminated when 
supplied with a specified voltage and cur- 
rent. LEDs are commonly used as in- 
dicators and display devices and are also ^ 
available in “seven segment” format for 
use as numeric displays. 

Paralel data transfer (I/O) r 

Transmission of data using multiple wires 
so that 8 bits (representing a byte of infor- 
mation or single character) are trans- 
mitted simultaneously. Transmission 
speed using this technique is usually ex- 
pressed in characters per second. The 
popular Centronics printer interface 
standard uses parallel data transfer. 

Port 

A point or device within a microprocessor 
based system which facilitates the connec- 
tion of external (peripheral) devices so 
that they may communicate (exchange in- 
formation) with the system. The con- 
figuration of a port is often to be deter- 
mined by software instructions sent to the 
programmable I/O device which is used to 
implement the port. 

Programmable I/O device (PIO) 

An input/output device (invariably single 
VLSI chip) which can be programmed by 
the user to provide an interface with exter- 
nal devices and components (e.g. relays, 
switches, keyboards, etc.) 

Relay 

A sin^e or multiple switch which is usually 
operated by electromagnetism. Relays 
provide a high degree of electrical isola- 
tion between a microprocessor and the 
circuit which it is being used to control. 

Relays are also capable of switching cur- 
rents greatly in excess of those available 
from a microprocessor system. 

Serial data transfer 

Data transmission using a single wire (plus ^ 
ground) so that each bit of a character is 
transmitted in turn. Transmission speed is 
usually expressed in bits per second. 

Answer to Problems 

6.1 (a) 2K bytes 

(b) IK bytes 

(c) 4Kb^es 

6.2 (a) Read or write operation to RAM 

(b) Read operation from ROM 

(c) Read or write operation to I/O ■ 

EB-TT August 1988 


16 


RNRt eOODREASONSTOTRV 
SUPER DISK AND AlMOSr HOE SOFIWUIE 


® ® ® 

® ® ® 

® ® ® ® ® ® ® 

® ® ® □ ® ® ® 

® ® ® ® ® ® ® 

® [^ 111] 32 Ps«i Ranaining 

i-J 1—1 Mor^lbre Left.... Nice 

® ® ® nsLiliiiisiiii’K 

Rtsn BOflRD - T 2 Left fl Siirpie 

El® (M - Escipe (Esc) 1 Left. . . . .Teke a Deep.Boii 

1 Left in Center... Perfect 


70 


W. W. W. Wf H f f f 

m ata Mi au ^ (Mm 

¥ «) ¥ ® ¥ ¥ ¥ 

m m m m (m m m m 

¥¥¥¥ ¥¥¥¥ 

m m m m hiP ^ ^ 

¥¥¥¥¥¥ ¥ ¥ 






Cursor Novenent 

Insert / Delete / Mher 

[L«ft] - Cursor l«ft 
[Spicel, ERijht] - Cursor right 

rup] - 1st line or PMH 

IMn.lI End - M oP MIH 
[Tib] - Next tib stop 
[Shift Tab] - Prev tab stop 

[Ins] - TomIc insert node 
[Del] - De ete char at arsx 
[Bksp] - Oe ete char left of cursor 

[[Control] P^J - Delete Drivo/Oir 
[[Control] PgDn] - Copy fron Buffer 

» » » PASTE BUFFER « « « 


FI 


V : Colunui X : Colunn_l 

V Bin. : f.ilMEtll X Bin. : l.?lC«Et« 

V Bax. -- 8.wiBEt«l X Bax. : 7.«S5Et« 



■'.»! 




Use these keys . . . 

HONE END PGDN 

k 





to Nove cursor. 
DEL to erase cursor. 
Z to zoon big graph. 
R for Ref ess Coeff. 
0 to quit. 

n rnr Ualfi 





■ 





-V... 

’'s 




• ■'’-7 

. 




.. 


■ 5: 




..’vk 







ColiimJ ColuenJ Co1iivl< ColumJ Coliim_8 ColumJ Col..l8 Col.Jl 


SuperDisk 1 


A superb collection of general utilities. You get the 
Extencted Batch Language; a fast file compression and 
“Un”-compress'ion utility; a directoi^ sort utility; a TSR 
memory manager that lets you install and de-install 
memory- resident software and much mae! 


SuperDisk 2 


Games, Games and more Games! You get Blockade, 
Daleks, RLOGIC, Letfall, Wimps, Flightmare, Pyramid and 
HI —9 games in all. A fantastic disk! CGA required for 

some games. 


SuperDisk 3 


dBase III and Clipper utilities. If you’ve been programming 
with dBase III, these utilities will help you write and debug 
your code faster than you thought possible. 


SuperDisk 4 


Utilities and Applicattons. Inclixtes TREND; a forecasting 
tool; PCSTYLE, a simple writing/style analyzer; 
EXPENDIT, a personal finance program; REMINDER, a 
good clock/reminder utility and much, much more! 


SuperDisk 5 


Applications! Tbis disk includes DATASCAN, a great 
statistical analysis program; ZENCALC, a small 
spreadsheet that includes many mathematical & financial 
functions; PC-Ftaw, a ftow chart creation program; 
DR.COMM, a fast directory utility and SIMCGA, a recent 
vers'ion of a utility which displays CGA graphics on 
Hercules-type graphic displays. Indispensable! 


$1 9.95 each 

Pius $1 for shipping and handling. 

Mcorshead Publicatiotis 
1300 Don Mills Road, 
North York, Ontario 
M3B3M8 

Phone:(416)4456600 

Fax:(416)4456149 

Visa, Mastercard, and American 
Express orders are welcome. 
Ontario residents, please add 
80/0 P.S.T. 

Ask for Our 
FFEE 
Catalogue! 

SuperDisk Software has been carefully 
collected from Public Access Bulletin 
Boards from accross Canada and the 
United States. All programs are 
believed to be in the Public Domain. 
Software has been tried on a variety of 
computers, including XTs and ATs 
with and without hard disks. It is 
believed to be safe and compatible 
with all IBM PC/XT/AT and compatible 
computers. We can not guarantee that 
each program will work on every PC. 
SuperDisks can be exchange for a 
full refund if you are not satisfied. 
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Great utilities! A WordStar to ASCII converter; a fast CGA ar- 
cade game’ a railroad simulatton; a fast fractal generata; a 
CGA simulatbn utility for Herculesrtype displays; a flexible 
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Almost Free PC #27 


Includes a Hexadecimal cabulata; sophisticated hard drive 
utilities; a disk-based Lotus-Intel Above Board memory 
simulator; a fast ANSI.SYS replacement; a letter-quality print 
utility fa dot-matrix printas; several useful EGA font and 
colour palette utilities. 


Almost Free PC #28 


You get an astronomy program; a aosswad puzzle gena- 
ata; a saeen dimma; LasaGRID; a 3-voice music 
program; an assembly language help utility. Also; keyboard 
buffa exterxter and free RAM and disk space utilities. 


Almost Free PC #29 


A memory reskdent spreadsheet program; a file attribute 
utility; a pop-up calendar; a disk label printa; a MacPaint file 
viewa; MacPaint gr^hics; Turbo C patches. You also get a 
TSR memory mapping utility; a variable speed control fa AT 
systems; a FAT table edita and a memory resident DOS 
montor that lets you step through programs. 


Almost Free PC #30 


Caverns: CGA arcade game; LIM disk cache utility; a great 
DOS shell managa; EGA print saeen utility; a Bach minuet; 
assembly language maaos; a tiny EGA font; a great AT 
CMOS utility. You also get a utility that lets you add com- 
ments to the directory entries on yoa disks. 























Introducing NEW products 


We have a variety of 
products for Mechatronics 
applications using computer 


1) standalone handy D-Ram checker model KEM-906 




• Can check 64K, 256K and 1 Megabits D-Ram with one 
touch operation just in seconds. 

• Custom hi-tech LSI built-in 

• Convenient 6V battery operated Price $195.00 

2) Fax Telephone Auto Selector model KEM-701 

• Save money by using only one line for Fax and Telephone 

• Low cost and capital return in four months 

• Easy to install 

If you want to know how it works, please try to call 
K.E.M Price only $195.00 

3) Programmable Temperature & Humidity module controller unit 

Extendable to multichannel with external probes 
Programmable scan intervals and can store up to 64K data 
Data dump to any computer via RS-232 $799.00 

We are also specializing in custom design circuits using 1 chip micro 
controllers. 

Please ask for catalog and detail information of these products with 4 pcs of 37 
cents stamps. 

$6.00 for shipping. Plus PST for B.C. residents. Plus C.O.D. fee, if required. Sorry we 
have no facility for credit cards and do not accept invoice orders. 


1) Several types PWM method stepping motor drivers 

KEM-802 series 

• KEM-802-12Max.1.2A $115 

• KEM-802-24 Max.2.4A $135 

• KEM-802-50Max.5.0A $245 

And we prepare many kinds of stepping motors for your robotics 
alications. 

2) Intelligent Stepping motor controller via RS-232C for any 

computer $295 

3) Intelligent2-axis stepping motor controllerfor IBM l/Oslot . .$395 

4) Multi I/O port with timer counter card for IBM I/O slot $145 

5) 8CH-solid state relay (max. 250V lA/ch) l/F card to control 

AC motor, lamps, solenoid and magnet clutch etc $ 98 

6) 16CH12bitA/Dand1CH12bitD/AcardforlBM $198 

7) 2CH Rotary encorder l/F card for IBM $348 

• Rotary encorder 60p/r to 500p/r. Price range $125 to $179. 
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Mail to Box 69126 Station (K) Vancouver, B.C. V5K 4W4 
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ambition and drive, prior experience in sales, telemarketing, 
we would like to hear from you! 
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Our remuneration and benefits package is well above average. 
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potential! If you dream of the “good life’’, we can help you realize 
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Due to our accelerated expansion program, we have immediate 
openings for qualified candidates to be trained to manage our 
branches. Our comprehensive training program will teach you 
all that is necessary to run them. 


Forward your resume to: 

Hank Boyer, General Manager 

Active Electronics 
237 Hymus Boulevard 
Pointe Claire, PQ H9R 5C7 
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The 

Analog 

Computer 

The anak^ computer is not dead, 
but alive and well and living 
in industrial applications. 
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he analog computer has been with us 
I in one form or another for some con- 

■ siderable time. Despite this, it could be 
I called the “forgotten computer.” Today 

■ the public imagination is swamped by 

■ notions of word processing, high 

■ resolution graphics and distal com- 
I munications — all (rightly) the domain 

of the digital computer. 

However, there are many analog com- 
puters around. They lack the glamour and 
fascination of their digital counterparts 
and can be found incorporated into in- 
dustrial controllers, dedicated to keeping 
steel at such a thickness and ketchup at 
such a consistency. Otherwise, they are 
mostly found languishing in dusty closets. 

Analog computers deserve a better fate 
than this. They are a valuable tool for the 
sdentist, en^eer and mathematidan, pro- 
viding a direct means of modelling systems 
as diverse as control mechanisms, vehicle 
suspension units and animal populations. 

The history of the analog computer is as 
varied and interesting as that of the distal 
computer. There were a few mechanical 
versions around in the 19th century (the 
slide rule is really a mechanical analog com- 
puter and you could argue certain andent 
navigation^ instruments are too) but the 
first really successful mechanical design 
arose about 1930 or so in such places as 
MIT and Cambridge. Electronic versions 
appeared in the 1940s. RCA built the first 
accurate design in 1950, since then the ad- 
vent of integrated circuits has made the 
design of analog computers easier, in just 
the same way as digital computers. 

Many of the pre-war analog computers 
had military purposes such as bomb or gun 
aiming and were very successful. Con- 
nected directly to the airspeed, height and 
heading instruments in the aircraft, even the 
primitive versions of automatic bombsights 
were vastly superior to eye alone. 

Further improvements used a gyro- 
scope to allow for the aircraft banking and 
allowed the operator to input a drift rate 
to compensate for the effects of the wind. 
Anti-aircraft guns used a “computer 
predictor” which computed a trajectory 
for a shell, assuming that the target was 
holding a steady course, or that any 
change was at a constant rate. 

Mechanical Matters 

Mechanical analog computers use the 
amount of rotation of a shaft or the length 
of a piston as the variable. Multiplication 
by a constant is achieved simply by mesh- 
ing two gears of a certain ratio. Summa- 
tion can be done by levers. 
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Integration was performed in an intrigu- 
ingly elegant manner by a ‘‘spinning disc in- 
tegrator.” A roller bears on the surface of a 
diSc which spins at constant speed This 
roller is free to move along its axle towards 
the periphery or the centre of the spinning 
disc. The shaft of the roller will accumulate 
a rotation depending on how near the roller 
is to the periphery of the disc. If the roller is 
at the centre of the disc, then no rotation 
occurs. If the roller is moved right over the 
centre and onto the other side, then the 
direction of accumulation reverses. Figure 
1-4 show some examples of mechanical 
computer functions. 

One of my friends who works in a 
fisheries research establishment tells me 
that there used to be a mechanical model 
of fish populations standing in one corner 
of his lab. Nowadays electronics has taken 
over and they use a big VAX computer 
system for such things. 

A digital computer deals with data in 
the form of discrete numbers and proces- 
ses these in turn according to a sequence 
of instructions. The bit-length of the word 
dictates the resolution. The electronic 
analog computer represents quantities as 
voltages. These voltages are analogs to the 
quantities we wish to represent and vary in 
a manner analogous to the manner in 
which the quantities vary. 

To make an example of the differences 
in operation, suppose we fire a shell from 
’ an artillery piece and this shell will attain an 
altitude of 10km before its vertical motion 
stops and it starts back to earth. In the digi- 
tal computer we might calculate the altitude 
of the shell at discrete intervals. If we calcu- 
late to the nearest metre, the number 2000 
would represent 2kni, 1000, Hon, and so 
forth. A binary word of 16-bits would easily 
accommodate the maximum altitude of 
10km. 

However, in the analog computer the 
altitude of the shell would be represented 
by a continuously varying voltage — IV 
niight represent 1km. This is a far more 
direct method than the digital but each 
has its own advantages and disadvantages: 

• Noise and drift (due to temperature 
and ageing) and tolerances in the cir- 
cuitry aU contribute errors in the analog 
computer. There are no such errors in 
the digital computer, excepting gross 
fault conditions which cause a bit to 
change state. 

• The digital computer suffers from 
rounding errors. In fact a small number 
added to a much larger one can vanish 
entirely under certain conditions. The 
resolution of the analog computer is in- 
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finite (in any practical sense) and there 
are no rounding errors. We can mmi- 
mize rounding errors in a distal system 
by increasing word length, but then we 
suffer the cost of extra hardware or in- 
creased processing time. 



Fig. lA mechanical coejficient multiplier 
using two gears at 2:1 ratio (rotary motion ) 


it- 


Fig. 2 A mechanical coejficient multiplier 
using levers (linear motion) 




Fig. 4. The principal of the spiwiing disc in- 
tegrator. 


• The digital computer is an essentially 
serial device performing primitive 
operations on fragments of numbers in 
sequence. This makes for slow arith- 
metic. An analog computer is inherent- 
ly parallel A single summer could take 
an unlimited number of inputs, multiply 
each by a coefficient and add them all 
in a few microseconds. There may be 


tens or even hundreds of these “com- 
puting elements’’ working simul- 
taneously. 

• Results are available continuously from 
an analog computer. In the digital com- 
puter the results will progress by dis- 
crete jumps an intervals. A number 
which may be precise at the instant of 
its calculation will usually be progres- 
sively less accurate until replackl by its 
successor. 

• There is a certain minimum hardware 
requirement for a digital computer. We 
have to have a processor, RAM, ROM 
and lO (even if these are all on the 
same chip). A usefiil analog computer 
which mi^t be used to solve a second 
order differential equation can be built 
from a few op amps. The total cost of 
the components for such would be less 
than a few dollars. In fact an analog 
computer model of a filter — a state 
variable filter — needs three or four op 
amps, a few resistors and two capac- 
itors. The display for an analog comput- 
er can be a meter, an osdlloscope or a 
DVM. 

• The method of interconnection of the 
analog computer elements is a very 
direct way of numerically solving sys- 
tems of equations, even those which 
niight defy analysis. Compared with 
these methods the distal computer is 
an abstraction, requiring massive un- 
derpinning of languages, operating sys- 
tem and such. 

• A sensor such as a potentiometer can 
be wired straight into the analog com- 
puter inputs. The outputs can drive an 
audio amplifier, or servo amplifiers. 

• The operator can interact directly with 
the analog computer in an experimental 
fashion — to try things out. This is less 
easy on a distal computer. 

• An analog computer cannot be used as 
a word processor or the like as it has no 
way of representing characters. The 
digital computer is ideal for that task. 
An analog computer is a purely 
numeric machine. 

• The parallel nature of the analog com- 
puter makes testing easy. Each comput- 
ing element can be tested inde- 
pendently and if needs be ignored until 
a service is done. 

• The digital machine can store informa- 
tion indefinitely. This is not possible on 
an analog computer. 

I would identify inability of the analog 

computer to store information or to handle 

text as the two major reasons for the ascen- 
dancy of the digital computer. Hybrid 
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machines do exist — ^\llere numeric com- 
putation is performed by the analog com- 
puter and the digital section is responsible 
for generating functions, for storage of out- 
put or for performing any long term in- 
tegration or summation where speed is not 
important. Connection between the two 
parts is via DAC and ADC converters. 

Attempting to patch the analog com- 
puter connections from the distal com- 
puter is a complex business. Interestingly 
enough, the arrival of a new generation of 
crosspoint switch chips on the scene a 
short while ago may herald a more com- 
pact and effective hybrid computer. 

If you were to see an analog computer 
and one of the more usual desktop digital 
computers side by side, the superficial dif- 
ferences would be glaringly obvious. In fact 
you might not recognize the analog com- 
puter as being a computer at all, as all the 
more usual keyboard, video monitor, print- 
ers and disk drives are entirely absent. In- 
stead we might have a large panel on which 
is an array of sockets, a set of knobs, one or 
two switches and an analog meter move- 
ment (or possibly a simple scope of DVM). 

The array of sockets is known as the 
patch panel and the analog computer is 
programmed by linking (patching) various 
of the computing element sockets 
together, rather in the manner of the old 
time telephone exchange. The analog 
computer software is easy to see — it is 
the wiring on the patch panel There is no 
confusion about ^ere the software is on 
an analog computer. 

Let’s examine the individual computing 
elements before discussing how they 
might be interlinked. The three most 
commonly used are the coefficient multi- 
plier, the summer and the integrator. Use- 
ful work can be done on systems of linear 
equations with no more than these three 
types of elements. We built our own 
analog computer at Aberdeen University 
recently. It incorporates all these three. Our 
approach has b^n slightly unconventional 
and wfrere there are differences between 
the Aberdeen unit and the usual case, FU 
mention them. 

The coefficient multiplier multiplies an 
incoming voltage by a constant. The coef- 
ficient must be between zero and one. 
Physically the multiplier is usually a poten- 
tiometer, with one end connected to OV 
(Rg.5). 

When the output of this arrangement is 
patched to the input of the next element, 
the set coefficient will tend to drcx)p, due 
to the next element’s non-infinite input 
impedance. Our own analog computer 
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Fig. 5 The electronic coefficient multiplier 
symbol and cimiit 
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Fig. 6. The summer symbol and ciraiit. 



Fig. 7 The circuit for a basic conventional comput- 
ing element 
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Fig. 8 The integrator symbol. 
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has the slightly unconventional addition of 
an op amp buffer after the potentiometer, 
which does away with this problem. Some 
of our potentiometers are also double end- 
ed — neither end is taken to OV. This is oc- 
casionally useful and again unconventional 
The summer (Fig. 6) takes a number of 
voltages as inputs and adds them together 
inverting in the process. The actual circuit 
consists of a single op amp and a number of 
resistors. In our version the input resistors 
are trimmable through a limited range to 
eliminate initial tolerances. Any practical 
circuit must also include a nulling potentio- 
meter. The inputs on our version are each 
tied to OV via a 10k resistor. This means the 
input may easily be left open without dis- 
turbing the impedance balance of the cir- 
cuit tcx) much, thus minimmng offsets. 

TTie input resistors are connected 
direct to the op amp circuit, the general 
trend being to keep these separate. In a 
conventional computer this gives access to 
the virtual earth point and allows the 
operator to intrcxluce feedback networks 
other than the one supplied. Figure 7 
shows a typical analog computer summer 
element which illustrates this. 

The conventional circuit also doubles 
as an integrator if you should switch in 
either of the capacitors, and another 
element’s input resistors could be hijack- 
ed if necessary. In our circuit the elements 
are fixed and trimmed for accuracy, 
which does not allow this flexibility. 

The integrator element integrates the 
sum of the input voltages with respect to 
time. If we suppose that the input x is a 
constant, the output voltage will change 
by xV in 1 second Note that there is an 
inherent sign reversal as in the summer. 

The Aberdeen unit is unconventional 
in that the initial conditions input is not 
sign reversed The relays are to do with 
setting the element to its initial conditions 
or holding the computation at any point. 
We chose IC analog switches instead, prin- 
cipally because they do not bounce. Figure 
8 shows the symbol for an integrator. 

Figure 9 shows the elements of the Aber- 
deen unit as they might appear on a 
problem flow chart. The triangle is an in- 
verter. Normally one would press a sum- 
mer into service as an inverter because of 
the way our circuit is built, there is a spare 
inverter with each summer, which is 
brought out to the front panel The num- 
bers refer to gains — 10 is a xlO mput. 
Use of stackable hermaphrodite connec- 
tors remove the need for the usual multi- 
ple outputs on elements. 

There are numerous other circuits 
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which can be used on analog computers. 
Among the most important we could 
mention are four quadrant multipliers and 
the various diode circuits for modelling 
nonlinearity, discontinuities and 
hysteresis. In fact, any circuit wiiich be- 
haves in a fashion analogs to a physical 
system can be pressed into service. None 
of these non-linear elements are incor- 
porated on the Aberdeen unit ... yet. 

So how do we patch those together to 
produce something useful? We can ap- 
predate what is happening better if we 
devise a model of a system and set out to 
solve it. I have chosen the classic mass 
spring damper model of a car suspension, 
beloved of generations of long suffering 
fifth formers ever since Newtoa It is not too 
complex to imagine ^\^lat is happening in 
the mind's eye but at the same time it is not 
a trivial example. Figure 10 shows the ar- 
rangement. 

The deviation of the spring from its 
natural (unstretched) length I have called 
X This is a distance of course. The rate of 
change of distance with time is called 
velocity. The rate of change of velocity 
with respect to time is acceleration. I have 
called the velodty x (x-dof) and the ac- 
celeration X (‘‘x-double-dot”) which is 
mathematidans’ parlance for the deriva- 
tive and the double derivative of x Now, 
you needn’t worry about all this calculus. 
The only important point to remember 
for this purpose is that integration is the 
opposite of differentiation. 

As the spring is stretched or com- 
pressed, it will exert a force equal to the 
stiffness times the distance we have 
stretched it. If we call the stiffness k, the 
force is kx So far so good. There is also a 
force exerted by the damper. 

The damper only exerts force 
^\llen we try to move it. If we 
call the damping factor d, then 
the force exerted by the 
damper will be d times the 
velodty ^\ilich is dx 

These are the only forces on 
the mass, so we can add them 
together to get the total force: 

F = -^-kx 

There are two important 
points to note here. We have 
ignored such complications as 
air resistance and mass of 
spring (and a good thing too, I 
hear someone saying). We also 
have to dedde vMch direction 
is positive and I have dedded 
that up is positive. When dis- 
tance is negative, the spring is 
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Fig 10 TJie mass-spring-damper prohletTL 



Fig, 11 First steps 
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Fig. 12 Accounting for mass 




Fig. 14 Adding the spring. 



Fig, 16 An alternative patch with fewer coefficient multipliers 


compressed and the force it exerts is up- 
ward hence the negative sign in front of the 
spring’s force. Similarly wben the motion of 
the mass is downward (negative) then the 
damper exerts an upward force. 

These forces make the mass accelerate. 
Newton (bless him) said that force is mass 
times acceleration, so: 
mx = -dx-kx 

All right then, that’s our model of how 
the system behaves. How to get it into the 
computer? Let’s indulge in some algebra 
and get m (the mass) out of the way to leave 
xonitsown 

X = -dx/m-kx/m 

I mentioned earlier that integrating is the 
opposite of differentiating so if we fixup an 
integrator as in Fig. 11, it’s a good start. We 
get -X out (remember the sign inversion). 

If I integrate a constant times x I will get 
the same constant time -x So, if I put in a 
coefficient multiplier set to 1/m as in Fig. 
12, we can see the result. Then we can add 
in a coefficient multiplier for d (Fig. 13) 
and then another integrator and coeffi- 
cient multiplier for k (Fig. 14). Finally we 
can add these two in a summer (Fig. 15). 
It’s fairly easy to see how the patching is 
built up. Figure 15 shows the “open loop” 
flow diagram for the problem. 

But there’s still one last thing. Where do 
we get X fi-om in the first place? Lo and 
behold, we have vriiat seems to be the 
right thing coming out of the summer. We 
can make the left hand and right hand 
sides of the equation equal if we connect 
the input and the summer output together 
as shown by the loop in Fig. 16. This is the 
closed loop flow diagram and is the patch 
that we ne^ to solve the problem. 

Provided we’ve got the plusses and 
minuses right, the solution is a 
decaying sine wave. Mathe- 
matically it’s posrible to have a 
“draft damper” which assists 
motion instead of retarding it. 
That gives an increasing sine 
wave. It’s also possible to have a 
“siQy spring” which pushes in 
the wrong direction as we 
stretch it. The solution in this 
case would probably be an ex- 
ponential (depending on the 
ratio of k and d). 

This problem is quite easy to 
solve a^ytically. The aniog 
computer really comes into its 
own where we encounter sets 
of differential equations which 
are diflBcult to analyse. These 
are no more difficult in prin- 
ciple to solve on an analog 
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computer. For example air resistance, 
double acting dampers, spring masses and 
the like can all be built in. All we have to do 
is derive a set of equations vvhich describe 
the system. We can build several separate 
models and intercoimect to feed the results 
of one into the next. 

The model we have just used does not 
account for gravity or a “T)umpy road”. We 
can add in any acceleration we like at the 
summer, including that of gravity. We can 
coimect an osdllator to the same place, to 
inject “bumps.” (This oscillation is known 
as a fordng function). This illustrates the 
direct nature of working with an analog 
computer. 

So far we have not attempted to quantify 
the settings of the pots. To get a usefiil 
quantitative result we must scale the 
problem. Ideally the model will use full 
dynamic range of the machine ( + lOV in 
our case) without going appreciably outside 
those limits (^^hich may cause clipping and 
invalid computation). It’s a similar problem 
to that encountered by anyone confined to 
integer arithmetic or the user of a slide rule. 
The slide rule user has to keep track of all 
the zeroes or he wiQ end up a factor often- 
to-the-something out. Similarly, the integer 
user may run out of bits. 

I don’t propose to go into scaling in any 
detail, except to say that there are well 
defined proc^ures for doing it which con- 
sist basically of writing out an equation for 
each computing element, estimating the 
maximum value a variable can be e?q)ected 
to take and dividing through, calculating the 
pot settings as we go. Some operators get by 
using try-it-and-see methods. 

Anyone who is particularly interested in 
the rigorous scaling of problems is recom- 
mended to read “Systematic Analog Com- 
puter Programing’ by Charlesworth and 
Fletcher whidi gives a detailed treatment of 
this and other facets of analog computing 

My own interests in analog computers 
started when I was asked to look at one 
which appeared faulty. Unfortunately it was 
an extremely poor design and was sent 
packing Subsequently we decided to dev- 
elop our own system. The photographs 
shows views inside and outside the 
machine. 

On the right is a panel (the control unit) 
which contains a large analog meter 
movement, three rotary switches, three 
push buttons and a variety of lamps and 
4nim sockets. On the left are four nar- 
rower panels. 

The control unit is the nerve centre of 
the computer. As well as controlling the 
hold and reset functions, it allows for 
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monitoring of the progress of a computa- 
tion and it also provides access for BBC 
micro to gain control and monitor and 
store the results. Thus the Aberdeen 
analog computer is ‘liybridisable.” Two 
D-type coimectors on the rear can be 
fitted with cables which plug into the user 
port and the analog port of the BBC. 

The meter is us^ to set up the poten- 
tiometers and to monitor the progress of 
computations. There are four yellow sock- 
ets which are used to input signals to the 
meter. A meter select switch routes the sig- 
nals, as wen as selecting reference or supply 
voltages to be monitored. A hold and a 
reset button toggle the hold and reset states 
on and off — an LED shows which state is 
selected. An unusual feature is the 
bandwidth control which switches 
capadtors in all the integrators, to allow 
faster operatioa 

Of the four smaller panels, one contains 
five integrators, one has five summers and 
five inverters and the two remaining 
panels each contain six coefifident multi- 
pliers, along with sockets to provide 
+ lOV and OV to the programmer. 

These four panels can be plugged into 
the frame in any of the seven possible 
positions as the bus structure is not posi- 
tion sensitive. The three spare slots allow 
the introduction of similar or other panels 
as they become available. The control unit 
must however be in position at the far 
right. 

All the sockets are colour coded. Blue 
sockets are outputs. Yellow sockets are xl 
inputs. White are xlO inputs. The initial 
conditions sockets on the integrators are 
brown. The red, black and green are for 
+ 10, -10 and OV respectively. 

This makes it easy to find your way 
about. There are no legends, hieroglyphics 
or diagrams on the panels but there are 
group markings encircling sets of sockets 
which are assodated with the same com- 
puting element. The five indicators on the 
summing and integrating panels are over- 
load indicators. They latch on in the event 
an output exceeds about 115V. Resetting is 
by a common pushbutton marked O W on 
the control unit. 

The control unit houses a motherboard 
and several daughter boards. There is a 
lo^c board which controls the hold and 
reset functions and a meter amplifier 
board which is controfled by the meter 
range switch. 

There are two each of the others — 
generalized optical interface boards used 
by the BBC interface and generalized 
analog conditioning used to switch signals 


or to attenuate and shift the normal 
+ lOV range of the analog computer to 
suit the BBC ADC inputs. 

The power supply board is on the rear 
panel of the fi*ame, along with the trans- 
former, filter, rectifier and reservoir 
capacitors which are all off board. This 
power supply performs well. No voltage 
deviation registers 4-1/2 digit DMM when 
full load (500mA) is applied, I couldn’t 
believe it at first. No current limit is neces- 
sary as the supplies are not available exter- 
nally. The supplies are +15V for the 
analog circuitry and +7V for the digital 
circuitry, which is all CMOS. The OV line 
is not a supply, and does not carry supply 
currents. It is purely a reference. This also 
helps lessen noise. An interesting feature 
of the supply is its sequencing. The 15V 
rails cannot come right up until the TV 
rails are established. This prevents 
damage to the CMOS analog switches. 

The master references are on this 
board too. These are trimmed to within 1 
millivolt. We can claim lO.OOV in fact, or 
0.01% accuracy. The supplies are 
trimmed to within a few millivolts too. The 
primary reference is a band gap diode and 
the setup is remarkably stable in the long 
term. Each reference socket is individually 
buffered to prevent loading of the master 
reference. Incidentally the integrators and 
summers on the Aberdeen unit are 
trimmed to within 0.01% as well. It’s quite 
possible to set up the zero point, with the 
aid of a decent D VM, to within a few tins 
of microvolts. However, having said that, 
the time constant on the integrators is the 
very devil to set up accurately. 

This, like most analog computes, has 
proven to be a valuable tool Even in these 
days of fast digital arithmetic, the analog 
computer should not be despised or cast 
aside. It offers direct, easily interpreted 
evaluation of problems. 

One of my little projects for the near fu- 
ture will be to make up a dedicated analog 
computer which multiplies six variables by 
a coefficient matrix, giving six outputs. 
One of my colleagues will use it to inves- 
tigate the motion of buildings during 
earthquakes. It has to perform 36 addi- 
tions and 36 multiplications. It could be 
made to work at up to lOOkHz (although it 
won’t need to in this instance). An 
equivalent digital system would need to do 
these 72 operations every five 
microseconds to keep pace — a good few 
transputers worth may be, or a very fast 
DSP chip, plus converters, etc, etc. 

The hardware I’m using? A few op 
amps and a few dozen resistors. ■ 
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con^juter service technicians surges 
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hard disk drive— today’s most- 
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access. You get more 
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and peripheral maintenance. 


Your NRI total systems 
training includes all this: NRI Discovery 
Lab to design and modify circuits • Four-function digital 
multimeter with walk-you-through instruction on audio tape • Digital 
logic probe for visual examination of computer circuits • Sanyo 880 
Series computer with “intelligent” keyboard and 360K, 5 V4 " floppy disk 
drive • 20 megabyte hard disk drive you install internally • High 
resolution monochrome monitor • 8K ROM, 256K RAM • Bundled 
software including GW BASIC, MS-DOS, WordStar, CalcStar 
Reference manuals, schematics, and bite-sized lessons. 


NRI IS the only 
technical school that 
trains you on a total 
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part of your 
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All About 
Capadtors 

The finer points of capacitors and how to select them. 

joinuD 


1 * here is an old joke that a metallur- 
gist is someone who, given a choice of 
materials, chooses wood... The point, I 
suppose, being that any specialist who 
knows the snags inherent in his chosen 
speciality is likely to be more en- 
thusiastic about the potential use of 
something else. 

This is basically how I feel about 
capacitors. 

For some years I was involved in the 
manufacture of the polypropylene film 
used in making capacitors, responsible 
for the electrical evaluation of our own 
and competitive films of various types to 
see how well they would perform. This 
was quite an interesting project and in- 
volved visits to a large number of 
capacitor manufacturing companies to 
discuss the use of polypropylene and 
other films in this particular field. I don’t 
think that this makes me a capacitor 
specialist, but at least I have had a rather 
closer acquaintance with this topic than 
is normal for electronics en^eers. I 
know a lot of the unpublicized problems. 


comes clouded and expectations begin to 
colour the observations. 

There may be basis for the claims, 
though I feel that these are often exag- 
gerated or incorrectly interpreted by their 
discoveries — like the change in sound 
quality (sometimes even for the better, 
since it lessens crossover distortion) which 
happens when an amplifier having a poor 
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Fig. 1 (a) Circuit symbol (b) Accurate repre- 
sentation of a capacitor 
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So Say The Hi-Fi Buffs 

Quite a lot has been written in recent 
years in the ‘Hi-Fi’ and electronics press 
about the differences in sound quality 
which can be brought about by changes in 
the type of the passive components used in 
the audio system, whether these be resis- 
tors, capacitors, connecting cables, mains 
transformers, printed circuit board 
materials, solder, or even the screws with 
which the cases are held together. 

With most of these claims technically 
plausible explanations for the observed ef- 
fects are usually only remarkable by their 
absence. 

The tests on which they are based are 
also inevitably subjective in their nature 
and rely on listening trials which, however 
extensive, can seldom be conducted on an 
instantaneous ‘A vs B’ switch-over com- 
parison. Where any length of time elapses 
between two alternatives, the memory be- 


Fig. 2 Physical constmction (a) without dielectfic 
(b) with dielectric 

stability margin is caused to oscillate at 
some ultrasonic frequency by the unwise 
connection of high self- capacitance LS 
leads. I remain agnostic. 

Nevertheless, in the case of capacitors 
and particularly in the case of those used 
in the feedback loop of an amplifier using 
negative feedback (NFB), I feel that a 
good case can be made for care in their 
choice, since there are effects which are 
capable of being measured instrumentally 
as well as being heard. 

But there is no blanket answer to the 
question of which capacitor do I use — it 
depend on where you want to use it, 
what are the particular qualities which are 
especially needed in that position, how 
much space you can spare, and how little 
bothered you are about wasting money. 

As for polypropylene (the current 


favourite of the golden-eared fraternity) 
the questions I would ask are “what type, 
how made and by whom, and how used?” 
So, let us look at some technicalities. 

Normally in circuit diagrams the circuit 
symbol shown in Fig. la is used to depict a 
capacitor, but in reality it is more ac- 
curately represented by the drawing of 
Fig. lb, where C is the capacitance at 
some specified frequency, temperature 
and applied voltage, R(l) is the leakage 
resistance across the capacitor (which 
again may be temperature, humidity, fi*e- 
quency and applied voltage dependent), 
R(k) is the equivalent series resistance 
due to dielectric loss (again not a con- 
stant factor), R1 is the straightforward 
series resistance due to its method of 
manufacture, and finally ‘L’ is the in- 
evitable inductance of the component. 

Physical construction 

In principle, a capacitor is a pair of con- 
ductors in proximity to each other but 
not in electrical contact, such as a pair of 
parallel conducting plates in a vacuum 
(as shown in Fig. 2a). When an electrical 
potential is applied between these plates, 
electrons will flow into the negatively 
connected plate from the negative pole of 
the applied potential. An equivalent num- 
ber of electrons will be repelled away from 
the opposite plate and will flow towards 
the positive pole of the applied potential. 
If there is some circuit resistance this will 
lead to the familiar charging current stage 
shown in Fig. 3. 

If the potential is removed and the 
wires from the capacitor are shorted 
together, the same process will happen in 
reverse, so the wires will probably spark as 
they touch since there is now no longer 
any reason for the asymmetry of charge on 
the plates. The theoretical value of such a 
capacitor (ignoring the effects of fringe 
fields at the edge of the plates) is given by 
die formula: 

C = AK/11315d (pF) 

where A is the effecdve opposed area of 
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the plates, K is the dielectric constant of the 
material separating the plates ( = 1 for vac- 
uum or air), and d is the gap separating 
them— all dimensions being in centimeters. 

The practical problems of such a con- 
struction are due to the need to prevent 
the plates from touching and the difficulty 
of getting any large amount of 
capacitance. 

These can be solved if some insulating 
material is fitted into the gap, as I have 
shown in Fig. 2b. If this is thin and has a 
good electrical strength, the gap d between 
the plates can be made very small which 
increases the capacitance for a given ef- 
fective plate area (see the formula above). 

Dielectric For Division 

The capacitance will also be increased 
because the dielectric constant K of the 
insulating material will be greater than 
unity. This comes about because all such 
insulating materials will ‘polarize’ to 
some extent, either by the (displacement 
of orbital electron clouck surrounding 
the atoms of the constituent material, or 
by the migration of ions, or by the physi- 
cal reorientation of polar molecules. 

This has the effect of prcxiucing equal 
but opposing charges on the surface of 
the insulator facing the capacitor plates 
(Fig. 2b) which lessens the effective spac- 
ing between the plates. 

Unfortunately, the introduction of a 
dielectric brings the problem of leakage 
(though this isn’t such a problem with 
modern materials as it was with the old 
waxed paper insulated “tar babies” of my 
early years in electronics). The insulation 
may break down electrically though 
there are techniques for reducing this 
hazard. The dielectric constant may not 
be constant — certainly it will decrease 
with applied frequency and will also be 
affected to a lesser extent by temperature 
and applied voltage. 

Finally the dielectric introduces 
“dielectric loss” which 
is represented by the 
term Rk in Fig. lb. 

This comes about (un- 
derstandably)ably be- 
cause the migrations of 
electrons or ions or the 
molecular reorienta- 
tions (which produce 
the effect shown in Fig. 

2b, and which cause 
the increase in capac- 
itance) all absorb some 
energy when they 
occur, which is every 


frequency (up to the GHz range). 

The thinking of the hi-fi purists is largely 
coloured by considerations of dielectric 
loss, and “pp” is reputed to be very low and 
therefore very good. However, the actual 
loss factor depends on the purity of the 
material, on the way in which it is made (in- 
cluding additives included to assist in 
production and the extrusion temperature). 

I have listed the major qualities of the most 
common dielectric materials in Table 1, but 
as I have indicated these figures can only 
serve as a guide. 

Non-polar Manufacture 

Generally, plastic film insulated 
capacitors are either of the film/foil type, 
or of the metallized film construction. In 
the F/F type, two long lengths of 
aluminum foil (which should be 
scrupulously clean and of high purity if 
the loss factor of the capacitor is not to 
be worsened) are sandwiched between a 
pair of slightly longer strips of plastics 
film and the whole thing is wound up in 
Swiss roll form, as shown in Fig. 4a. 

Usually the foils are arranged so they 
extend a bit beyond the edges of the filrn 
strips so that electrical end contacts can 
be made to them as shown in Fig. 4b. 
Sometimes (as is usually the case with, 
the small polystyrene capacitors) the foils 
don’t overlap the film but a pair of con- 
necting wires is simply trapped in the 
spiral while it is being wound. 

With larger capacitors it is helpful to 
make a continuous edge contact since 
this lessens the spurious inductance 
value, because of the shorted-turn effect. 
It also helps keep the electrical resis- 
tance of the plates low. 

In all film/foil capacitors the electrical 
strength and consequently the thickness 
of the film must be great enough to 
prevent any possibility to electrical 
breakdown at the rated working voltage. 

Such capacitors 
therefore tend to be 
bulky for a given 
capacitance value. 

In the case the 
metallized film (MF) 
types, the problem of 
possible electrical 
breakdown is solved 
by using a very thin 
metallic conducting 
layer, vacuum eva- 
porated onto the sur- 
face of the film so 
that it leaves a clear 
strip along each alter- 


time the applied electrical field is reversed. 

The more frequently the polarity of the 
applied electric field is reversed (the higher 
the operating frequency) the higher the loss. 
Materials such as the largely non-polar 
plastic (polyethylene, polypropylene, PTFE, 
and polystyrene) don’t have very high 
dielectric constants — which doesn’t help 
very much to make compact high value 
capacitors. On the other hand very little 
happens when the field is reversed, so the 
dielectric loss is very low and the dielectric 
constant K doesn’t alter significantly with 




Fig. 4FoillfHm capacitors (a) construction (b) con- 
tacts 



Dielectric 

Material 

Dielectric 
Constant (K) 

Breakdown 

Strength 

(Volts/mil) 

Loss Factor 
(Tan a. 60Hz 

Polyethylene 

2.3 

500-1000 

0.0003-0.001 

(High density) 




Polypropylene 

2. 2-2. 3 

450-650 

0.0001-0.0003 

Polyester 

3. 0-3. 5 

1500-2000 

0.001-0.005 

Polystyrene 

2. 5-2. 6 

500-ip0 

0.0001-0.0002 

Polycarbonate 

2.97 

400-450 

0.0001-0.0005 

PTFE 

2.1 

500 

<0.0001 


0.008 


2.1 


Polysulphone 2.82 

Mica 5.4 

Ceramics 30-6000 


0.0005 

0.01-0.4 


420 

2500 

50-250 


0.01-0.4 
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nate edge. End contacts are then made by 
spraying a solderable metallic layer onto 
each end of the sandwich. Such MF 
capacitors will ‘‘self heal” in that if there is 
a local breakdown of the dielectric, the in- 
stantaneous discharge of the stored 
electrical energy through the pimcture will 
burn off the metallized layer in that region. 

Such internal flash-overs cause a gradual 
worsening of the loss factor because of the 
accumulation of combustion products in 
the windings. They also cause a gradual 
decrease in capacitance. Both of these 
problems are lessened significantly by not 
running the capacitor at more than half of 
its rated working voltage. 

The major problem with ‘MF types 
however is that the metallized layer is so 
thin and has a significant winding resis- 
tance Rs which cannot be distinguished 
electrically from dielectric loss. On the 
other hand they are very small in size. 

There has recendy been an increased 
availability of stacked foil capacitors, a 
number of postage stamp sized pieces of 
film with either metallized layer or foil 
plates assembled into a small rectangular 
stack, and then resin encapsulated with 
projecting radial connection leads as shown 
in Fig. 5. These have the advantage of low 
series inductance and compact PCB as- 
sembly, but are otherwise sii^ar in charac- 
teristics to the spiral wound versions. 

Tantalum And 
Aluminium Electrolytic 

In these capacitor types, a large value of 
capacitance is obtained by chemically 
growing a very thin insulating oxide film on 
the surface of an etched metal plate or a 
pellet of sintered metal powder, with a 
conducting electrolyte occupying the gap 
between this and the other plate. This 
avoids the problem of electrical failure 
through breakdown of the insulating layer 
because if there is a puncture in the oxide 
film it is promptly repaired by local 
electrolytic action between the exposed 
metal and the electrolyte. 

The snag is that this action is going on all 
the time, with continuous small pulses of 
current evened out by the capacitor itself 
into a fairly smooth current flow. The elec- 
trolyte though quite a good conductor is not 
as good as a layer of metal, which is why the 
non-polar capacitors always have a lower 
series resistance value. The other problems 
are that the value of the series resistance is 
dependent on voltage, temperature and fi*e- 
quency, as is the capacitance itself. 

Also, the polarity of the capacitor must 
be observed, and if any AC potential is 
30 


likely to appear across it there must always 
be a continuous DC bias voltage which is 
greater than this. This means that 
electrolytic are not very happily used with 
zero polarmng potentials. 

W^en tantalum bead (sintered tantalum 
pellet, resin encapsulated) electrolytic first 
appeared they were greeted with great en- 
thusiasm since they had a lot of factors in 
their favour. The tantalum oxide dielectric 
was electrically and chemically very strong, 
and it had a much higher dielectric constant 
than alumina. This meant that a much more 
addic electrolyte could be used giving lower 



Fig. 5 Stacked foil capacitor 

series resistance, and more capadtance 
could be packed into a small volume. 

In addition because of the strength of 
the oxide layer, the capadtor would even 
stand small (0.5- IV) reverse potential 
which permitted use in signal lines. Unfor- 
tunately the instantaneous (though small) 
voltage dependence of conductivity leads 
to a complex behaviour pattern on tran- 
sient voltage steps, and this can give a 
rather dull sound when used as the block- 
ing capacitor in a feedback line. 

Tlie increase in the cost of tantalum 
bead capadtors has stimulated research 
work on their aluminum equivalents with 
the result that physically small high- 
capacitance aluminum types are now 
available which are much to be preferred 
in audio use such as DC blocking in signal 
or feedback lines if high capacitance 
values are essential (though their quies- 
cent working potentials must be carefully 
chosen). Even so, non-polar types should 
always be the first choice, except in routine 
supply line decoupling duty. 

Permanent Polarization 

This is the electrostatic equivalent of per- 
manent magnetization and is a snag which 
is exclusive to the plastics film dielectric 
types of capacitor. As in steels, the 
durability of such a permanent polariza- 
tion is a fimction of the hardness of the 
materials. It occurs much more readily in 


those films which are biaxially stretched 
during manufacture such as polypropylene 
or polyester (PETP) since this greatly in- 
creases their mechanical strength. 

Those films which are made by casting 
from a lacquer (such as polystyrene, 
polycarbonate, or polysulphone) or by 
sintering a powder (such as FIFE) are 
much more limp physically and much less 
prone to this defect which can have the ef- 
fect of building in a permanent series 
potential within the capadtor dielectric. 

Circxiit Applications 

It is practicable to design audio 
amplifiers without very many capacitors 
at 2J1 and most IC opamps only have one, 
used to stabilize the drcuit at high fre- 
quendes by reducing its HF gain. 

In audio circuitry, capadtors will be 
used as DC blocking elements such as Cl 
in Fig. 6 to prevent inadvertent DC offsets 
that occur in early stages of the system 
from being amplified along with the want- 
ed AC signal and ending up as a very big 
DC offset at the speaker output terminals. 

A similar function is performed by the 
series capadtor in a negative feedback cir- 
cuit (C2 in Fig. 6) where A is some kind of 
gain block (an op amp or equivalent). The 
gain of .this stage at some frequency where 
the impedance of C2 is low enou^ to be 
neglected is (R2 + R3)/R2. However at DC, 
where the capadtor (if it is a perfect com- 
ponent) is an open circuit, the gain reduces 
to unity so any DC offset between the (in- 
sert plus,minus symbol) in’ points of the 
amplifier will not be made worse by the AC 
stage gain. The corollary to this is of course 
that the gain of the stage will decrease as the 
operating frequency decreases and the im- 
pedance of the capadtor increases, so it 
must be big enough. 

A further important function is in the 
decoupling of the supply lines to the 
amplifier (C3 and C4 in Fig. 7). 

Most amplifier circuitry is designed in 
the expectation that the plus and minus 
DC supplies to it will be stable and free of 
ripple, unwanted signal components or 
general noise and rubbish. The perfor- 
mance of the amplifier may be impaired 
— espedally in relation to its stability mar- 
gins, which are very important — if any 
output signal can find its way back into the 
signal circuit by way of the supply lines. 
The easiest way to secure clean smooth 
supply voltages is in theory to decouple 
them to a good neutral OV line by way of 
a very low impedance capadtor. 

The final drcuit positions where capac- 
itors are needed is in time-constant genera- 
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tion drcuitry, in tone controls, frequency 
response shaping circuitry (such as RIAA), 
LF and HF filters, and HF loop stabiliza- 
tion functions. Fortunately, in most of these 
positions the actual capacitance values re- 
quired are fairly small, so problems of cost 
or physical bulk are usually minor ones. 

Now let us look at these applications and 
see what characteristics are required 

DC Blocking 

Lcx)king at the circuit in Fig. 6, the impor- 
tant needs are that the impedance of Cl at 
any valuable part of the audio signal 
bandwidth should be sufficiently low (in 
comparison with R1 and the input im- 
pedance of the gain block A) tihat the 
input signal is not attenuated significant- 
ly. For the blcx^king function to be ade- 
quately performed, the leakage resis- 
tance of the capacitor must also be very 
high. Fortunately with modern film 
dielectric capacitors this can usually be 
taken for granted. 

This might not be true in the case of 
electrolytics, especially if the polarity is 
inadvertently reversed through careless 
installation or incorrect interpretation of 
circuit operating potentials. Generally, in 
circuitry with hi-fi pretensions it is well to 
avoid electrolytics in this position and if 
necessary rearrange the circuitry so that 
large capacitance values are unneces- 
sary. The impedance presented by the 
other parasitic elements (inductance and 
series resistance) is unlikely to be sig- 
nificant, certainly in audio use, in com- 
parison with the combined input im- 
pedance of R1 and the gain block. 

It could also be argued that for hi-fi cir- 
cuitry the effective capacitance value of Cl 
should remain constant (especially as a 
function of the voltage applied across it) 
so that it does not introduce subtle 
waveform distortion effects. 

Once again, plastic film dielectric 
capacitors (the so-called non-polar types) 
are unlikely to suffer from the defect at 
typical small signal voltage levels to an ex- 
tent which is detectable. It might though 
be a problem with electrolytics. 

Feedback Path Capadtors 

The other DC blocking function is typified 
by C2 in Fig. 6. Here the problems are 
greater since circuit constraints are likely 
to force the use of a relatively low value of 
R2, and the LF roll- off frequency (the - 
3dB point) occurs where the impedance 
of Cl (l/2nfC) is equal in value to R2. 

In the past, C2 would have almost always 
have been an electrolytic type, aluminum or 
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tantalum, but in current practice it is likely 
that a non-polar component would be em- 
ployed to avoid any possible dulling of the 
sound. The values of R3 and R2 would be 
increased as much as other circuit demands 
allowed. The same needs exist here as in the 
input DC blocking capacitor, but are all 
greatly magnified because the circuit impe- 
dance is usually so much lower so that small 
changes in series impedance or capacitance 
value are likely to be much more important. 

Supply Line DecoupEng 

Here the overall need is for the effective 



Fig. 6 Capacitors in audio amplification 



impedance to be as low as possible and to 
remain low over the whole of the frequen- 
cy spectrum. The preservation of a low 
decoupling impedance well beyond the 
limits of the audio range is important for 
loop stability reasons. Improvements in 
the purity of the supply lines are usually 
apparent in the sound quality. Electrolytic 
capacitors are usual for this and have a 
relatively high series impedance by com- 
parison with a non-polar type of the same 
value. Modern practice is to quote the 
‘equivalent series resistance’ (ESR) of 
electrolytic in the manufacturer’s 
specification (usually for power supply 
reservoir capacitor applications). 

A low ESR component is usually a 
good choice if only because it implies that 
the manufactures have tried to lessen the 
inevitable series resistive components by 
greater care in design or construction. At 
HF the problem need not be serious, since 
the main capacitor can always be bypassed 
by a smaller non-polar type and that if 
necessary bypassed yet again by a smaller 
one still. 

The reason for the piggyback activity is 


that the method of construction of large 
value bipolar units is likely to lead to 
higher values on inductance and winding 
resistances. Indeed for RF bypass use (as 
in the HF stages of FM tuners) small value 
disc ceramic capacitors are obligatory be- 
cause of their very low self-inductance. No 
wound component would ever be ade- 
quate here. Unfortunately disc ceramic 
devices are usually only available at low for 
audio circuitry. Stacked film bipolar types 
are a good equivalent for audio circuit use. 

At the very low frequency end of the 
passband no capacitor of any sensible size 
is ever likely to be entirely adequate, and 
here an electronically stabilized power 
supply is by far the best answer, especial- 
ly since if it does its job effectively it will 
provide an absolute barrier between the 
operational circuitry and everything on 
the power supply side of the hardware. 
This frees the user from worries about 
whether he ought to replace his mains 
transformer with a filing cabinet sized 
substitute. 


Time Constant Components 

Here the overriding need is for accuracy 
in value and for reasonably low levels of 
stray inductance, smce this could have 
some effect on the characteristics of fil- 
ters or feedback circuits. However, 
spurious inductance effects can normally 
be ignored for modem components used 
in sensibly designed AF circuitry, and the 
effects of stray series winding or loss resis- 
tances are likely to be swamped by the 
general circuit impedances. 

Choice In Circuit Applications 

In general and bearing in mind the 
manufacturing details discussed last 
month, my own order of preference in the 
capacitor world is polystyrene, polycar- 
bonate, polypropylene and polyester. And 
I prefer film/foil to metallized foil. The 
most critical application, in my opinion, is 
as the DC blocking capacitor in an NFB 
loop, though other DC blocking usages 
must be scrutinized. Supply line bypass 
duty requires other qualities and a good 
qu^ty electrolytic of adequate size and 
rating bypassed by one or more polyester 
capacitors of descending values will be 
quite adequate. 

In HF stabilizing or time constant duty, 
polystyrene is the first choice if available in 
adequate capacitance values. Otherwise 
use any close tolerance non-polar types. 
Above all remember that no single type 
should always be first choice. ■ 
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The CAT Image Scanner 


Turn your Epson into a low-cost scanner whii thfev^AT, 


S ince the introduction of desktop 
publishing systems, scanners have 
become a convenient way to feed il- 
lustrations into a computer for 
manipulation and insertion into a 
document, or for any application 
where computer enhancing can be 
applied by means of paint programs 
or similar. One of the dra^acks is fairly 
low resolution (about 300 dots per inch); 
this is adequate for line drawings, but a bit 
coarse for photographs. The other is the 
fairly high cost of the mechanism involved 
One way around the latter cost is the 
CAT Image Scanner, from Computer 
Aided Technology, Inc., of Texas. Most of 
the price of a scanner is for mechanically 
moving the scanner head and the paper; if 
you didn’t have to do this, a photocell and 
suitable software would be all you needed. 
Fortunately, a printer has just the right 
motion for scanning attach a scanning 
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photocell to the ribbon carriage, put in 
some artwork and you’re away. This is the 
basis of the CAT scanner. 

The unit we tested was the Model SI, 
Version II. It consists of a scanning 
photocell and mounting hardware, a plug-in 
card for the IBM PC/XT/AT/386 or com- 
patibles, and software. This particular ver- 
sion works with the Epson EXSOO/IOOO, 
MX80/100, FX85, FX86e/286e, 

LX3800/1000, LX800 and LX80 (also called 
the Homewriter). It requires at least 512K 
of RAM and a hard disk is recommended; 
a typical bit-mapped file can easily be 300K 
in size before conversion to an image file. 
The monitor should be CGA, EGA or 
Hercules compatible. 

We found it was a unique, low-cost way 
to scan documents into the computer. 
Though a bit slow, at $195 US, it was an 
economical alternative to a dedicated 
scanner. 


Specs 

The CAT scanner has two modes. One is 
the halftone mode for converting 
photographs and other continuous-tone il- 
lustrations, and the other is a line-art 
mode for illustrations that are pure black 
or white. During scanning the optic sen- 
sor mounted on the printer head reads in 
the image line after line, storing the data as 
a bit-mapped file. This file can then be 
converted into the PCX format, suitable 
for the Ventura publisher or PC Paint- 
Brush, or the TIFF format, which is direct- 
ly compatible with the Microsoft Page- 
Maker. The image can be loaded into Dr- 
Halo using the Image Grabber supplied 
with that program, and can also be loaded 
into PC Paintbrush using its screen cap- 
ture fimction. 

There are 128 gray shade levels for use 
with the halftone mode. The maximum 
resolution is 300 DPI horizontal and 216 
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DPI horizontal; the scan area is maximum 
12" by 10", though shorter scan times can be 
obtained by reducing the area to the mini- 
mum required. The image file can be 
printed out again on the same dot matrix 
printer used to scan it in, though the best 
results will obviously be obtained with a 
laser printer. 

Mounting 

We found the mounting method to be the 
most critical part of 
settmg up. If you’re 
trying to accurately 
record 300 dots pQr 
inch, you obviously 
can’t have the 
photocell loose and 
vibrating. The optical 
sensor normally 
mounts on the prin- 
thead heat sink using 
double-sided tape 
and a small metal 
bracket, allowing the 
sensor to be removed 
for normal printing. 

In the case of the 
small LX80 or 
Homewriter, there 
isn’t enough room on 
the heatsink, so the 
manual recommends 
attaching the head to 
an empty ribbon 
cartridge. We found 
this wasn’t the most 
secure method if the 
cartridge was slightly 
loose, and caused a 
certain amount of fuz- 
ziness when scanning 
fine detail at 300 DPI. 

The quality improved as we e^qperimented 
with the ti^tness of the mount. 

Once you get the sensor mounted in a 
good location and performing properly, 
the manual wisely recommends that you 
replace the double-sided tape with per- 
manent epoxy. You’ll find that taking time 
for the mounting procedure pays off in a 
sharper image. 

After installation, a calibration sheet 
and program are used to focus and align 
the sensor. Incidentally, we found that 
once the sensor is securefy mounted, it can 
be removed and reinsert^ any number of 
times without requiring recalibrating; the 
mounting bracket is well designed. 

Scanning 

After the paper is in the printer, the main 
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menu ^ves you the option of three dif- 
ferent scan areas, 3, 6, and 12 inches wide. 
The vertical resolution can be 216, 144, 72, 
or 54 DPI, with the horizontal resolution 
variable from 50 to 300 DPI. 

If you’ve selected the highest resolution 
and a large size, the scanning time will be 
quite lengthy. A 6" by 3" area was scanned at 
the highest resolution in 28 minutes. Of 
course, the Epson Homewriter (LX-80) 
doesn’t have the fastest carriage; other 


models will improve on this considerably. 
However, it’s obviously a great deal slower 
than a dedicated scanner. You can’t have 
everything. 

Once the scanning stops, there’ll be a 
bit-mapped file on your disk under the 
filename you’ve chosen. The software can 
then be used to convert it to the desired 
format. We made PCX files, loaded the 
file into Ventura, and printed it out with a 
laser printer. The printout is not a 100% 
perfect copy of the original; it never is, 
even with die pro-quality scanners, but 
you’ll find it’s very good indeed, especially 
if you’ve put any effort into mounting and 
aligning the optical sensor element. It’s 
ideal for scanning in ink drawings, head- 
lines, clip art, electronic schematics, etc. 

One oddity we found is that the 


scaimed image never looks as good on the 
monitor (we used a Hercules compatible) 
as it will when printed out, either with a 
dot matrix or a laser printer. Part of this is 
obviously the lower resolution of the 
monitor screen producing a staircase ef- 
fect on angled lines. Still, in one case the 
scanned image was scrambled on the tube 
and perfect in the printout. 

If you’re making halftones, you can ex- 
pect a considerable loss in photo quality, 
just as you would wiA 
any 300 DPI scan. 60 
lines per inch is about 
the minimum for 
reasonable quality 
halftone photos 
(most 4-colour work 
is 133 lines), and this 
means that at 300 
DPI you’re trying to 
define a delicate 
halftone dot with a 
scanned matrix of 5 
by 5 dots. Still, it’s 
adequate for newslet- 
ters, memos, etc. You 
may have to experi- 
ment with the soft- 
ware’s light/dark con- 
trol to get optimum 
results with scanned 
photographs. 

Other 
Functions 

You can load your 
scanned image onto 
the screen, and by 
using a variable win- 
dow, select a portion 
of it to zoom in on. 
This is a handy fea- 
ture for checking scan quality, and also for 
printing out small sections of the scan, since 
you can print the contents of the window. 

When printing using the CAT software, 
you can specify the size of the print and its 
location on the page; this lets you compose 
a page of text and graphics. There’s also a 
gray-scale adjustment for lighter or darker 
images. 

Summary 

If you have a need for a scanner, but can’t 
justify the dollars, the CAT Image Scanner 
fills the bill The tradeoff is the length of 
time required for a large, hi-res scan, but 
the quality is excellent and the price is right. 
The manufacturer is Computer Aided 
Technology, 7411 Hines Place, Suite 212, 
Dallas, Texas 75235, (214) 631-1640. ■ 



The upper illustration is part of the CAT scanner calibration sheet It was our first attempt 
scanned in with the optical sensor fastened to the LX-80 ribbon cartridge. Below it is the im- 
proved scan of a parts overlay diagram after we took some time to fasten the sensor securely 
and refocus it 
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NEW RELEASE 


BP239: GETTING THE MOST FROM 
YOUR MULTIMETER $9.00 

This book is aimed at beginners and 
those of limited experience of elec- 
tronics. Using the simple component 
and circuit testing techniques in this 
book the reader should be able to 
confidently tackle servicing of most 
electronic projects. 

BP:53 PRACTICAL ELECTRONIC 
CALCULATIONS AND FORMULAE 

$11.75 

A book that, bridges the gap between 
complicated technical theory and the 
‘cut and try’ method. A good 
reference book. 


BP 174: MORE ADVANCED ELEC- 
TRONIC MUSIC PROJECTS $12.00 

Complementing Book BP74, “Elec- 
tronic Music Projects”, BP174 pro- 
vides more advanced projects, such 
as a flanger, a phaser, mlnl-chrous 
and ring modulators, percussion syn- 
ths, etc. Each project has an In- 
troduction circuit diagram and con- 
structional notes. 

BP 113: 30 SOLDERLESS BREAD- 
BOARD PROJECTS-BOOK 2 
RA.Penfqld $9.00 

A companion to BP107. Describes a 
variety of projects that can be built 
on plug-in breadboards using CMOS 
logic IC’s. Each project contains a 
schematics, parts list and opera- 
tional notes. 

BP92: ELECTRONICS SIMPLIFIED - 
CRYSTAL SET CONSTRUCTION $5.25 

This Is a book written especially for 
those who wish to participate in the 
intricacies of electronics. 

BP192 $8.00 

More Advanced Power Supply Pro- 
jects, by Robert Penfold. A compa- 
nion to BP76, this book covers swit- 
ched mode supplies, precision 
regulators, tracking regulators, 
computer-controlled supplies, etc. 

BP197: AN INTRODUCTION TO THE 
AMSTRAD PCs $20.00 

Recently introduced to Canada, the 
Amstrad PC is an MS-DOS computer 
for general and business use. This 
book explains all you need to know to 
start computing. 

BP:150 AN INTRO TO PROGRAM- 
MING THE SINCLAIR QL $7.80 

Helps the reader make the best use 
of the Sinclair QL’s almost unlimited 
range of features. Complements the 
manufacturer’s handbook. 

BP48: ELECTRONIC PROJECTS FOR 
BEGINNERS $7.80 

F.G. Rayer, T. Eng. (CEI), Ataoc.lERE 

Another book written by the very ex- 
perienced author — Mr. F.G. Rayer — 
and In it the newcomer to electronics, 
will find a wide range of easily made 
projects. Also, there are a con- 
siderable number of actual com- 
ponents and wiring layouts, to aid the 
beginner. 
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Exclusively available in Canada from 
Moorshead Publications. 


BP135: SECRETS OF THE 
COMMODORE 64 $5.85 

This book is intended as a beginner’s 
guide to the Commodore 64. 

BP155: INTERNATIONAL RADIO 
STATIONS GUIDE $9.00 

An invaluable aid in helping all those 
who have a radio receiver to obtain 
the maximum entertainment value 
and enjoyment from their sets. 

BP130: MICRO INTERFACING 
CIRUITS-BOOK1 $9.00 

Aimed at those who have some 
previous knowledge of electronics, 
but not necessarily an extensive one, 
the basis of the book is to help the in- 
dividual understand the principles of 
interfacing circuits to micropro- 
cessor equipment. 

BP51: ELECTRONIC MUSIC AND 
CREATIVETAPE RECORDING $5.85 

This book sets out to show how Elec- 
tronic Music can be made at home 
with the simplest and most inexpen- 
sive equipment. 

BP222: SOLID STATE SHORT WAVE 
RECEIVER FOR BEGINNERS 
R.A Penfold $7.80 

In this book, R.A. Penfold has design- 
ed and developed several modern 
solid state short wave receiver cir- 
cuits that will give a fairly high level 
of performance, despite the fact that 
they use only relatively few and inex- 
pensive components. 

BP110: HOW TO GET YOUR ELEC- 
TRONIC PROJECTS WORKING 
R JV. Ponfold $7.80 

We have ail built circuits from 
magazines and books only to find 
that they did not work correctly, or at 
all, when first switched on. The aim 
of this book is to help the reader over- 
come just these problems by in- 
dicating how and whore to start look- 
ing for many of the common faults 
that can occur when building up pro- 
jects. 

BP74: ELECTRONIC MUSIC 
PROJECTS $10.00 

RJV. Penfold 

Although one of the more recent 
branches of amateur electronics, 
electronic music has now become ex- 
tremely popular and there are many 
projects which fall into this category. 
The purpose of this book is to provide 
the constructor with a number of 
practical circuits for the less com- 
plex items of electronic music equip- 
ment, including such things as a 
Fuxx Box, Waa-Waa Pedal, Sustain 
Unit, Reverberation and Phaser- 
Units, Tremeio Generator etc. 

BP 234: TRANSISTOR SELECTOR 
GUIDE $15.00 

Listings of British, European and 
eastern transistor characteristics 
make it easy to find replacements by 
part number or by specifications. 
Devices are also grouped by voltage, 
current, power, etc., includes 
surface-mount conversions. 

BP50: 1C LM3900 PROJECTS $4J25 

The purpose of this book is to in- 
troduce the LM3900 to the Techni- 
cian, Experimenter and Hobbyist. It 
provides the groundwork for both 
simple and more advanced uses and 
is considerably more than just a col- 
lection of simple circuits or projects. 


BP233: ELECTRONIC HOBBYIST 
HANDBOOK $15.00 

A single source of easily located in- 
formation: colour codes, pinouts, 
basic circuits, symbols, etc. 

BP101: HOW TO IDENTIFY 
UNMARKED IC’s $1.95 

An unusual and fascinating chart 
that is highly recommended to all 
those interested in electronics and 
which will hopefully pay for Itself 
many times over, by enabling the 
reader to use IC’s that might other- 
wise have been scrapped. 


BP121: HOW TO DESIGN ANOM^ 
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BP180: ELECTRONIC CIRCUITS FOR 
THE COMPUTER CONTROL OF 
MODEL RAILWAYS $9.00 

Shows how home computers can 
easily be applied to the control of 
model railroads and other quite 

sophisticated control. A variety of 
projects are discussed as well as cir- 
cuits for train position sensing, 
signal and electric points control etc. 

BP185: ELECTRONIC SYNTHESISER 
CONSTRUCTION $9.00 

With this book a relative beginner 
should be able to build, with the 
minimum of difficulty and at a 

reasonably low cost, a worthwhile 
monophonic synthesiser and also 
learn a great deal about electronic 
music synthesis in the process. 

BP115: THE PRE-COMPUTER BOOK 
$5.85 

Aimed at the absolute beginner with 
no knowledge of computing, this en- 
tirely non-technical discussion of 
computer bits and pieces and pro- 
gramming is written mainly for those 
who do not possess a microcomputer 
but either intend to one day own one 
or simply wish to know something 
about them. 

BP72: A MICROPROCESSOR 
PRIMER $5.25 

In an attempt to give painless ap- 
proach to computing, this inexpen- 
sive book will start by designing a 
simple computer and then the short- 
comings of this simple machine will 
be discussed and the reader is shown 
how these can be overcome. A 
glossary of microprocessor terms is 
at the end of the book. 

BP78: PRACTICAL COMPUTER 
EXPERIMENTS $5.25 

The aim of this book is to enable the 
reader to simply and inexpensively 
construct and examine the operation 
of a number of basic computer circuit 
elements and it is hoped gain a fuller 
understanding of how the mysterious 
computer “chip” works. 

BP88: AN INTRODUCTION TO BASIC 
Programming Techniques $5.85 

This book is based on the authors 
own experience in learning BASIC 
and also in helping others, mostly 
beginners to programming, to 
understand the language. 


BP42: 50 SIMPLE L.E.D. CIRCUITS 

$5.85 

Contains 50 interesting and useful 
circuits and applications, covering 
many different branches of elec- 
tronics, using one of the most inex- 
pensive and freely available com- 
ponents. 

BP85: INTERNATIONAL TRANSI 
STOR EQUIVALENTS GUIDE $9.00 

This book is designed to help the 
user find possible substitutes for a 
popular user-oriented selection of 
modern transistors and includes 
devices produced by over 100 
manufacturers. 

BP140: DIGITAL 1C EQUIVALENTS 
AND PIN CONNECTIONS $15.00 

Shows equivalents and pin connec- 
tions of a popular user orientated 
selection of Digital Integrated Cir- 
cuits. Includes European, American 
and Japanese devices. 

BP131: MICRO INTERFACING CIR- 
CUITS- BOOK 2 $9.00 

Intended to carry on from Book 1 , this 
book deals with practical applica- 
tions beyond the parallel and serial 
interface. “Real world” interfacing 
such as sound and speech genera- 
tors, temperature and optical sen- 
sors, and motor controls are discuss- 
ed using practical circuit descrip- 
tions. 

BP100: AN INTRODUCTION TO 
VIDEO $5.85 

This is a book for the person who has 
just, or is about to buy or rent some 
video equipment but is not sure what 
it is all about. 

BP125: 25 SIMPLE AMATEUR BAND 
AERIALS $5.85 

This book describes how to build 25 
amateur bank aerials. The designs 
start with the simple dipole and pro- 
ceed to beam, triangle and even a 
mini-rhombic. 

BP136: SIMPLE INDOOR AND 
WINDOW AERIALS $7.00 

People living in apartments who 
would like to improve shortwave 
listening can benefit from these in- 
structions on optimising the indoor 
aerial. 

BP141: LINEAR 1C EQUIVALENTS 
AND PIN CONNECTIONS 
ADRIAN MICHAELS $23.80 

Find equivalents and cross- 
references for both popular and 
unusual integrated circuits. Shows 
details of functions, manufacturer, 
country of origin, pinouts, etc.,, in- 
cludes National, Motorola, Fairchild, 
Harris, Motorola, Intersil, Philips 
ADC, AMD, SGS, Teledyne, and many 
other European, American, and 
Japanese brands. 

BP156: AN INTRODUCTION TO QL 
MACHINE CODE $10.00 

The powerful Sinclair QL microcom- 
puter has some outstanding capabi- 
lities in terms of its internal struc- 
ture. With a 32-bit architecture, the 
QL has a large address range, ad- 
vanced instructions which include 
multiplication and division. These 
features give the budding machine 
code programmer a good start at ad- 
vanced programming methods. This 
book assumes no previous know- 
ledge of either the 68008 or machine 
code programming. 
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BP7: RADIO AND ELECTRONICS 
COLOUR CODE AND DATA CHART 
$3.00 

Opens out to Wall Chart approxi- 
mately 584 X 457 mm. Includes many 
Radio & Electronics Colour Codes in 
use in UK, USA, Europe and Japan. 
Covers Resistors, Capacitors, 
Transformers, Field Coils, Fuses 
Battery Leads etc. 

BP144: FURTHER PRACTICAL 
ELECTRONICS CALCULATIONS 
AND FORMULAE $15.00 

This book covers many aspects of 
electronics where a knowledge and 
familiarity of the appropriate for- 
mulae is essential for a fuller 
understandings of the subejct. An 
essential addition to the library of all 
those interested in electronics be 
they amateur, professional or stu- 
dent. 

ELEMENTS OF ELECTRONICS • AN 

ON-QOINQ SERIES 

F.A. WILSON, C.Q.I.A., C.ENQ., 

BP62: BOOK 1. THE SIMPLE ELEC- 
TRONIC CIRCUIT AND 
COMPONENTS $11.70 

BP77: BOOK 4 MICROPROCESSING 
SYSTEMS AND CIRCUITS $11.80 

Although written especially for 
readers with no more than ordinary 
arthmetical skills, the use of 
mathematics is not avoided, and all 
the mathematics required is taught 
as the reader progresses. 

Each book is a complete treatise of 
a particular branch of the subject and 
therefore, can be used on its own 
with one proviso, that the later books 
do not duplicate material from their 
predecessors, thus a working know- 
ledge of the subjects covered by the 
earlier books is assumed. 

BOOK 1. This book contains all the 
fundamental theory necessary to 
lead to a full understanding of the 
simple electronic circuit and its main 
components. 

BOOK 2. This book continues v 
alternating current theory wit' 
which there can be no comprehen- 
sion of speech, music, radio, televi- 
sion or even the electricity utilities. 

BOOOK 3. Follows on semiconduc- 
tor technology, leading up to tran- 
sistors and integrated circuits. 

BOOK 4 A complete description of 
the internai workings of micro- 
processor. 

BOOKS A book covering the whole 
communication scene. 

BP10O: ELECTONIC CRICUITS FOR 
THE COMPUTER CONTROL OF 
MODEL RAILWAYS $9.00 

The projects in this book consists of 
various types of controller, including 
a high quality pulse type, as well as 
circuits for train position sensing, 
signal and electronic points control 
and many more. 

BP194:: MODERN OPTO DEVICE 
PROJECTS $9.00 

This book provides a number of prac- 
tical designs for beginners and ex- 
perienced project builders. These 
projects utilize a range of modern 
opto-electric devices, including such 
things as fibre optics, ultra bright 
LEDs and passive IR detectors. 

BP37: 50 PROJECTS USING RELAYS, 
SCR’s&TRIACS $7.80 

F.G. RAYER, T.Eng^C El), Assoc. lERE 

Relays, silicon controlled rectifiers 
(SCR’s) and bl-directlonal triodes 
(TRIACs) have a wide range of ap- 
plications in electronics today. This 
book gives tried and practical work- 
ing circuits which should present the 
minimum of difficulty for the en- 
thusiast to construct. In most of the 
circuits there is a wide latitude in 
component values and types, allow- 
ing easy modification of circuits or 
ready adaptation of them to in- 
dividual needs. 


BP147: AN INTRODUCTION TO 6602 
MACHINE CODE $10.00 

The popular 6502 microprocessor is 
used in many home computers; this 
is a guide to beginning assembly 
language. 

BP225: A PRACTICAL INTRODUC- 
TION TO DIG ITAL ICs $7.00 

This book deals mainly with TTL type 
chips such as the 7400 series. Simple 
projects and a complete practical 
construction of a Logic Test Circuit 
Set are included as well as details for 
a more complicated Digital Counter 
Timer project. 

BP47: MOBILE DISCOTHEQUE 
HANDBOOK $7.80 

Divided into .six parts, this book 
covers such areas of mobile “disco” 
as; Basic Electricity, Audio, Ancillary 
Equipment, Cables and Plugs, Loud- 
speakers, and Lighting. All the infor- 
mation has been considerably sub- 
divided for quick and easy reference. 

BP59: SECOND BOOK OF CMOS 1C 
PROJECTS $7.80 

This book carries on from its 
predecessor and provides a further 
selection of useful circuits, mainly of 
a simple nature, the book will be well 
within the capabilities of the begin- 
ner and more advanced constructor. 

BP71: ELECTRONIC HOUSEHOLD 
PROJECTS $7.00 

RA PENFOLD 

Some of the most useful and popular 
electronic construction projects are 
those that can be used in or around 
the home. The circuits range from 
such things as ‘2 Tone Door Buzzer’ 
intercom, through Smoke or Gas 
Detectors to Baby and Freezer 
Alarms. 

BP44; IC 555 PROJECTS $10.00 
E.A. PARR, B.Sx., C.Eng., M.I.E.E. 

Every so often a device appears that 
is so useful that one wonders how 
life went on before without it. The 555 
timer is such a device included in this 
book are Basic and General Circuits, 
Motor Car and Model Railway Cir- 
cuits, Aiarms and Noise Makers as 
weli as a section on the 556, 558 and 
559 timers. 

BP82: ELECTRONIC PROJECTS 
USING SOLAR CELLS $7.80 

A collection of simple circuits which 
have applications in and around the 
home using the energy of the sun to 
power them. The book deals with 
practical solar power supplies in- 
cluding voltage doubler and tripler 
circuits, as well as a number of pro- 
jects. 

BP95: MODEL RAILWAY PROJECTS 
$7.80 

Electronic projects for model rail- 
ways are failry recent and have made 
possible an amazing degree of 
realism. The projects covered inciude 
controllers, signals and sound ef- 
fects: striboard layouts are provided 
for each project. 

BP93: ELECTRONIC TIMER 
PROJECTS $7.80 

Windscreen wiper delay, darkroom 
timer and metronome projects are in- 
cluded. Some of the more complex 
circuits are made up from simpler 
sub-circuits which are dealt with in- 
dividually. 

BP94: ELECTRONIC PROJECTS FOR 
CARS AND BOATS $7.80 

RA. PENFOLD 

Projects, fifteen in all, which use a 
12V supply are the basis of this book. 
Included are projects on Windscreen 
Wiper Control, Courtesy Light Delay, 
Battery Monitor, Cassette Power Sup- 
ply, Lights Timer, Vehicle Immo- 
biliser, Gas and Smoke Alarm, Depth 
Warning and Shaver Inverter. 


BP49: POPULAR ELECTRONIC 
PROJECTS $10.00 

R.A. PENFOLD 

Includes a collection of the most 
popular types of circuits and projects 
which, we feel sure, will provide a 
number of designs to Interest most 
electronics constructors. The pro 
jects selected cover a very wide 
range and are divided into four basic 
types. Radio Projects, Audio Pro- 
jects, Household Projects and Test 
Equipment. 

BP84: DIGITAL IC PROJECTS $7.80 
F.G. RAYER, T.ENG (CEO, Assoc.lERE 

This book contains both simple and 
more adanced projects and it is 
hoped that these will be found of help 
to the reader developing a knowledge 
of the workings of digital circuits, to 
help the newcomer to the hobby the 
author has included a number of 
board layouts and wiring diagrams. 
Also the more ambitious projects can 
be build and tested section by sec- 
tion and this should help avoid or cor- 
rect faults that could otherwise be 
troublesome. An ideal book for both 
beginner and more advanced en- 
thusiast alike. 

BP99: MINI • MATRIX BOARD 
PROJECTS $7.60 

R.A. PENFOLD 

Twenty useful projects which can all 
be built on a 24 X 10 hole matrix board 
with copper strips. Includes. Door- 
buzzer, Low-voltage Alarm, AM 
Radio, Signal Generator, projector 
Timer, Guitar Headphone Amp. Tran- 
sistor Checker and more. 

BP103: MULTI-CIRCUIT BOARD 
PROJECTS $7.80 

R.A. PENFOLD 

This book allows, the reader to build 
21 fairly simple electronic projects, 
all of which may be constructed on 
the same printed circuit board. 
Wherever possible, the same com- 
ponents have been used in each 
design so that with a relatively small 
number of components and hence 
low cost, it is possible to make any 
one of the projects or by re-using the 
components and P.C.B. all of the pro- 
jects. 

BP107: 30 SOLDERLESS BREAD- 
BOARD PROJECTS - BOOK 1 $9.00 

R.A. PENFOLD 

A "Solderless Breadboard” is simply 
a special board on which electronic 
circuits can be built and tested. The 
components used are just plugged in 
and unplugged as desired. The 30 
projects featued in this book have 
been specially deisgned to be built 
on a ‘Verobloc” breadboard. 
Wherever possible the components 
used are common to several projects, 
hence with only a modest number of 
reasonably inexpensive components 
it is possible to build, in turn, every 
project shown. 

BP127:HOW TO DESIGN 
ELECTRONIC PROJECTS $9.00 

Although information on stand cir- 
cuit blocks is available, there is less 
information on combining these cir- 
cuit parts together. This title does 
just that Practical examples are used 
and each is analysed to show what 
each does and how to apply this to 
other designs. 

BP122: AUDIO AMPLIFIER 
CONSTRUCTION $6.75 

A wide circuits is given, from low 
noise microphone and tape head 
preamps to a 100W MOSFET type. 
There is also the circuit for 12V 
bridge amp giving 18W. Circuit board 
or stripboard layout are included. 
Most of the circuits are well within 
the capabilities for even those with 
limited experience. 


BP106: MODERN ON AMP 
PROJECTS $7.80 

R.A. PENFOLD 

Features a wide range of construc- 
tional projects which make use of op- 
amps Including low-noise, low distor- 
tion, ultra-high input impedance, high 
slew-rate and high output current 
types. 

BP98: POPULAR ELECTRONIC 
CIRCUITS, BOOK 2 $9.00 

RA PENFOLD 

70 plus circuits based on modern 

components aimed at those with 

some experience. 
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BP195: AN INTRODUCTION TO 
SATELLITE TELEVISION $15.00 

For the absolute beginner or anyone 
thinking about purchasing a satellite 
TV system, the story is told as simply 
as such a complex one can be in the 
main text. 

BP10e: $7.00 

Cross-references European American 
and Japanese diode part numbers. 
Besides rectifier diodes, it includes 
Zeners, LEDS, Diacs, Triacs, SCRs, 
OCIs, photodiodes and display 
diodes. 

BP88: HOW TO USE OP AMPS 
E.A.PARR $11.80 

A designer’s guide covering several 
op amps, serving as a source book of 
circuits and a reference book for 
design calculations. The approach 
has been made as nonmathematical 
as possible. 

BP65: SINGLE IC PROJECTS $6.00 
R.A. PENFOLD 

There is now a vast range of ICs 
available to the amateur market, the 
majority of which are not necessarily 
designed for use in a single applica- 
tion and can offer unlimited possi- 
bilities. Ail the projects contained in 
this book are simple to construct and 
are based on a single IC. A few pro- 
jects employ one or two transistors in 
addition to an IC but in most cases 
the IC is the only active device used. 

BP118: PRACTICAL ELECTRONIC 
BUILDING BLOCKS - BOOK 2 $7.80 

R.A. PENFOLD 

This sequel to BP117 is written to 
help the reader create and experi- 
ment with his own circuits by com- 
bining standard type circuit building 
blocks. Circuits concerned with 
generating signals were covered in 
Book 1, this one deals with process- 
ing signals. Amplifiers and filters ac- 
count for most of the book but com- 
parators, Schmitt triggers and other 
circuits are covered. 


ORDER BY 
TELEPHONE 
(416) 445-5600 OR 
FAX: 416.445-8149 
OR WRITE TO: 
MOORSHEAD 
PUBLICATIONS 
1300 DON MILLS RD., 
NORTH YORK, ON., 
MSB SMS 
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Colour Touch Control 

The Fluke 1050 Colour Touch Control Screen is an inter- 
face for computer-based machinery of systems which al- 
lows the operator to accurately control even the most com- 
plex system just by touching the screen. Software and 
firmware simplify integrating the 1050 into applications. 
Technology Marketing Concepts. 

Circle No. 14 on Reader Service Card 


Telecom Tester 

The American Reliance AR-180T Test Set does level 
measurement, noise measurement, AC volts, DC volts, DC 
current and resistance. Additionally, the unit will generate 
four predsion tones for frequency response measuring. For 
level measuiement, the unit has true RMS detection and a 
switchable 600 ohm terminatioa BCS Electronics. 


Solar Recharging Tester 

The Hioki 3242 DMM features solar cells so that it’s always 
ready for use. It also features full autoranging and a storage 
compartment for test leads. RCC Electronics. 


Circle No. 13 on Reader Service Card 


Circle No. 15 on Reader Service Card 
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Machine Fault Detector 

The Bruel & Kjaer Vibration Analyzer Type 
2515 can detect faults in bearings and gears 
before they create problems. With the En- 
velope Detector WB 1048, it can extract peri- 
odic impacts from the vibration signals of a 
machine and an accurate breakdown predic- 
tion can be made. Bruel and Kjaer Canada 


Circle No. 16 on Reader Service Card 


Transformer Approvals 

The hammond Series 229 low profile power 
transformers and Series 160, 161 low voltage 
rectifier transformers are now CSA listed and 
UL recognized All series have been expanded 
to offer more off-the-shelf models. The Series 
229 are ideal for solid state control, instrumen- 
tation, DC supplies, etc. The Series 160 and 
161 are ideal for single, dual brdige or fullwave 
centre-tap rectifier circuits. 

Circle No. 17 on Reader Service Card 
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NTSC Pattern Generator 

Omnitronix announces the Leader LCG-412B port- 
able pattern generator, which provides a precision NTSC 
signal source for field adjustment of VCRs, VTRs, 
receivers, monitors, etc. In addition to IV p-p video output, 
the unit also features RF output on all US broadcast VHP 
and UHF chaimels. 


The new 300MHz Model 2440 digital storage oscilloscope 
from Tektronix features a 500MS/s sampling rate for plenty 
of waveform detail and resolution. The dual-channel simul- 
taneous acquisition assures exact waveform correlations for 
critical timing measurements. Tektronix Canada 

Circle No. 18 on Reader Service Card 


Circle No. 19 on Reader Service Card 
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Starting an in-depth look at the designer's favourite chip, 

the operational ampilier. 


I n drcuits built from discrete com- 
ponents, a large proportion of the 
design effort is absorbed in trying to 
minimize the imperfections and im- 
predictability of the components 
used. In building a low frequency 
gain stage with a bipolar transistor, 
for example, beginners quickly learn 
that a current bias circuit (Fig. la) is no 
good because the wide variation in cur- 
rent gain between different samples of 
transistors of the same type means the 
base bias resistor must be selected by 
trial and error for each individual device. 

The potentiometer bias circuit (Fig. 
lb) reduces the circuit's sensitivity to 
transistor gain; with suitable choice of 
resistor values the circuit can accom- 
modate any transistor of a given type 
without modification. The price paid for 
this convenience is partly that the signal 
headroom is reduced because of the 
voltage across the emitter resistor, but 
mainly that the circuit as a whole has very 
much less gain than the transistor itself. 

The technique of trading off gain (or 
giving it up altogether) in return for bet- 
ter performance in other respects is a 
very useful one. Figures Ic and Id show 
two non-amplifier applications of the 
idea. The first is a simple (and not very 
satisfactory) Miller integrator, where the 
transistor is used to linearize the charging 
of a capacitor. The second uses a transis- 
tor to simulate a very large capacitor 
(roughly h(fe) x C), at least as far as charg- 
ing is concerned. 

The drawback of transistors is that in- 
dividually they don’t have a lot of gain to 
give up. Useful circuit building blocks are 
made not from one but several devices. 
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Fig, 1(a) Transistor airrent bias ciraiit, (b) Improv- 
ed potentiometer bias ciraiit. (c) Simple integrator 
ciraiit. (d) Simulating a large capacitor. 

They also suffer from being direct em- 
bodiments of a basic physical process and 
make about as much concession to practi- 
cally as a piece of school laboratory equipv- 
ment. The 0.7V base-emitter voltage exists 
not because designers want it that way, but 
because that’s how transistors are. It’s how 
the physics works. 

A good case can be made for the view 
that op amps have more in common with 
disaete components than with other ICs. 


Used raw, without any associated passive 
components, they are totally unmanage- 
able, but just connect a few external 
components and a very wide range of 
useful circuit building blocks can be 
made. 

The most striking advantage of op 
amps over transistors is that the available 
gain is several orders of magnitude higher, 
allowing very precise control over the 
circuit’s characteristics with a single 
device. What’s more, the external connec- 
tions are arranged for the convenience of 
the designer, not constrained by the 
demands of physics. 

However, like discrete components, 
op amps have their own imperfections 
and idiosyncrasies. Technology has 
moved the decimal points a few places, 
but greater performance seems to lead 
inevitably to greater expectations. There 
is always somebody who can think of an 
application which would be possible if 
only the latest device were just that little 
bit better. 

Coaxing the best performance from 
op amps is still the same mixture of art 
and science as for discrete components. 
In this series of articles I intend to cover 
the basic techniques and also to touch 
on some of the finer points of designing 
with these versatile devices. 

Op amp ICs 

With most families of ICs the pin con- 
figuration for each member has to be 
learned individually but with op amps it’s 
easy. They come packaged in ones, twos 
or fours and the pin connections are al- 
most always the same for any brand (Fig. 
2a). High performance devices are usually 
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packaged individually in the 8-pin DIL 
or T099 package and the spare pins may 
be used for offset cancellation or external 
compensation but the basic configuration 
of inputs, outputs and supply connec- 
tions is usually adhered to. 

Op amps are very tolerant of supply 
voltages. Most will operate with single 
supplies from below lOV to above 35V. 
Some (particularly those intended for 
battery operation) will run from as little 
as 4V. Voltages above 40V are rare but 
you can have that if you want it (and can 
afford it.). 

Op amps circuits are usually run from 
split rail supplies (Fig. 2b, 2c). This is be- 
cause the limits of the input and output 
voltages for correct operation fall short 
of the supply voltages, so the central OV 
rail is a usefiil bias and reference point. 
(Note that although data sheets often 
give absolute maximum input voltages as 
being equal to the supply voltages, this 
rating shows the most 
the IC will suffer 
without damage, not 
the range in which it will 
operate properly). 

Op amp Basics 

Let’s indulge in a flight 
of fancy for a moment. 

We’ve just received a 
sample of the very latest 
op amp. It has extreme- 
ly low drift and offset, 
superb common mode 
rejection, very low 
noise, bias currents of 
InA — in short it’s the 
kind of IC any manufacturer would love to 
produce. Unless I say otherwise, it’s this 
$200 Rolls Royce of op amps that we’ll be 
using in this article. Let’s see how it be- 
haves. 

The IC has a voltage gain of 10^. This 
means the output will be 10^ x difference in 
the input voltages, taking into account 
which is the higher in voltage. If the 
+ input is luV higher than the -input, the 
output will be at + IV. If the -input is luV 
above the + input, the output be at - 
IV. If the two inputs are at the same volt- 
age, the output sit firmly at OV. 

Connect together the two inputs and 
vary their common voltage by means of a 
pot (Fig. 3a). The output will sit firmly at 
OV regardless of the setting of the pot (it 
won’t follow the input voltage) because 
there is no difference between the two 
input voltages. This shows that the IC has 
excellent (perfect, in fact.) common mode 
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rejection — it ignores voltages common to 
both inputs. 

Figure 3b shows the IC’s response to a 
differential mode signal. You have to im- 
agine here that if the pot is set at the 
centre of its rotation, both voltage sources 
are zero. If it is rotated clockwise, vl ^ves 
a light positive voltage and v2 gives an 
equal negative one. If the pot is rotated 
anticlockwise, vl will be negative and v2 
the same amount positive. If you are hap- 
pier looking at a more concrete circuit. 
Fig. 3c shows one that will do the trick. 

The centre-zero microvolt meter Ml 
registers the differential mode voltage. 
The output of the op amp will be one mil- 
lion times the voltage shown on the meter. 

Figure 3d combines a common mode 
voltage (set by RVl and shown on Ml) 
and a differential mode voltage (set by 
RV2 and registered on M2). When the 
two inputs are not at the same voltage, 
their common mode voltage is defined as 


the voltage exactly halfway in between, so 
vcm = l/2(v(-f) + v(-). The differential 
mode voltage is centered neatly on the 
common mode voltage. 

Varying RVl will have no effect on 
the output voltage, regardless of the set- 
ting of RV2. Varying RV2 will give an 
output exactly one million times the 
reading on M^ regardless of the setting 
of RVl. Just to make sure you’ve got the 
hang of it, if Ml shows - 6.22V, M2 
shows +3.2uV,. what is the common 
mode input voltage? The differential 
mode input voltage? The voltages at the 
4- and - inputs? Most important of all, 
what is the output voltage? Answers at 
the bottom of the page. 

Amplifiers 

About the first thing anybody learns 
about op amps is that they can be used to 
make amplifiers with a gain precisely 
controlled by the values of a pair of resis- 
tors. Figure 4a shows 
one of the ways this can 
be done. 

Having read some- 
where that the gain is 
given by -R2/R1, my 
fantasy is that the cir- 
cuit of Fig. 4a has a 
gain of -10. I’ll try to 
prove it to you. 

The first thing to 
notice is that if vin is OV, 
the output will also be at 
OV. If it tried to go just a 
teensy bit positive, the 
potential divider action 
of R1 and R2 would 
put a positive voltage on the - input, which 
would tend to push the output back towards 
OV. If it tried to go negative, the resulting 
negative voltage on the - input would force 
itbackupagaia 

In a way it’s hke one of those children’s 
toys with weighted bases that always settle 
in the vertical position after being knock- 
ed Any attempt to push to the op amp’s 
output voltage by brute force resdts in a 
restoring force which will push the output 
back to O V as soon as you let go. 

Suppose that vin is increased to IV. If 
I’m ri^t about the gain being -10, the out- 
put \wll now want to settle at -lOV. If so 
the voltage at the -input will be OV, exactly 
the same at the + input so the output must 
ako be at OV. What’s gone wrong? It can’t 
be at -lOV and OV at the same time. 

The fault lies in my faith in rule-of- 
thumb calculations. The formula -R2/R1 
for the gain is a very gocxl approximation 
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Fig, 2(b), (c) Split rail power supplies for op amp ciraiits. 


Op Amps 


for most practical purposes, but it’s not 
exact. 

Suppose that Vout settled at just a lit- 
tle above -lOV. This would allow just 
enough positive voltage on the — input 
to be amplified up a million times and 
maintain the output at this voltage. Once 
again, the weighted base action comes 
into play. Any attempt to shift the output 
from this voltage results in a restoring 
force (using the term loosely.) which 
tends to force it back again. If you find 
the idea of “just a little above -lOV” too 
vague, don’t worry. The calculations will 
be along in just a moment. 

One way of looking at the circuit is to 
see it as a kind of voltage lever. The arms 
of the lever will be proportional to the 
resistor values and the pivot will be at the 
-input terminal of the amplifier. 

Pushing down on the input (lowering 
the voltage) makes the output rise ten 
times as far. The pivot is just a litde bit 
loose — it moves just one millionth of 
the distance of the output arm, in the op- 
posite directioa 

If you don’t care for mechanical 
analogies, perhaps reasoning from basic 
electronic prindples is more up your 
street. Assuming the amplifier input only 
takes InA of current 
and since we are deal- 
ing with tens and 
hundreds of uA flowing 
in R1 and R2, it’s 
reasonable to say that 
for practical purposes 
all the current in R1 
must also flow in RZ 
Now, if there is the 
same current flowing 
through two resistors 
then by Ohm’s law the 
voltage across each will 
be proportional to its 
resistance. 

In other words, if 
12V is dropped across 
Rl, and the very same 
current is flowing in R2, you can say 
without further ado (and wiAout bother- 
ing to calculate the current) that the volt- 
age dropped across R2 will be ten times as 
great: 12V. 

Now, whatever voltage appears at the 
output of the amplifier, the voltage at the - 
input will only be one millionth as much. 
There’s very little point in taking it into ac- 
count at all We might as well say that it 
stays at OV. So the input voltage wUl be the 
voltage across Rl, the voltage across R2 
will be the output voltage and we’ve al- 
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gible current (I’ll have to fudge this bit 
for the time being or things will get im- 
possibly complicated. I’ll come back to it 
later) then i(l) = i(2), so: 

Vin - V(-) _ V(-) - Vout 


Rl 


R2 



We also know that the gain of the op 
amp is 10(6), so v(-) = - 10(-6) Vout, 
^ving: 

Vin ^ lO'^/out _ ^ 10■^/out _ Vout 

Rl Rl R2 R2 

It’s usual at this stage to point out that 
the terms involving 10(-6)Vout are very 
much smaller than either of the other two 
terms (can you spot a condition where 
one or other wouldn’t be?) and so can be 
neglected, giving: 

R2 


Rl 


"ii” 


Vout 


Rl 


Fig. 3(a)Appfyinga conwion mode voltage. (b)A 
differential mode voltage, (c) Appfying a differen- 
tial mode voltage, (d) Common and differential in- 
puts combined. 


which leads to the usual rule-of-thumb 
formula for the gain of - R2^1. If we 
pursue the calculation to the bitter end 
without eliminating the two inconvenient 
terms, we end up with the exact formula 
for the gain, which is: 

R2 


Vout 


Rl + 10*6 (R1+R2) 



Fig. 4 (a)Abasicmvertbiga}nplifier. (b) The lever analog, (c) Inverting amplifier. 


ready worked out that this will be ten 
times as great (or -10), taking into account 
that it moves in the opposite direction). In 
other words, the drcuit has a gain of -10. 

If all this business about ignoring little 
errors makes you feel imcomfortable, the 
only way to settle the tnatter is to do the 
calculations. Lxxiking sit Fig. 4c, by Ohm’s 
law we can write: ' 


Vin - V(-) 

1 - 

Rl 


and i 2 = 


V(-) - Vout 

R2 


Now, if the op amp’s input takes negli- 


Using this formula, 
the drcuit of Fig. 4a, 
which I said would 
have a gain of -10, ac- 
tually has a gain of - 
9.99^9. So the rule of 
thumb in this case is 
not too far from the 
truth. In fact, in com- 
parison with the 5% 
resistor tolerances like- 
ly to be used in a prac- 
tical drcuit, it’s as close 
to perfect as you need. 

My fudge factor, as- 
suming the inputs take 
no current, doesn’t af- 
fect the validity of the 
formula, although a proof of this and an 
investigation of just what effect it will have 
must wait for another time. There’s more 
to these op amps than meets the eye. 

Answers to ProMems 

The answers to the problems I posed earlier 
on, by the way, are: the common mode 
input voltage is -6.22V, the differential 
mode voltage is 4-23uV (I hope you got 
those.), the voltages of the + and - inputs 
are — 62199984 and -62200016V respec- 
tively, and the output will be + 3.2V. ■ 
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Bicycle 

Ught 

Backup 

Keeping bicycle lights on 
even when you stop. 


D ynamo lighting systems for bicycles 
suffer rather dangerously from the 
lack of output at a standstill, such 
as waiting at traffic lights or road 
junctions. Apart from this obvious 
disadvantage, dynamos compete 
favourably with battery- powered 
lights because they: 

• are lighter 

• require no costly battery replacement 
• provide higher light output (except at 
low speeds) 

• are far more reliable than battery- 
powered systems. 

Because of the great similarity in the 
output characteristics of dynamos avail- 
able on the market, the system described 
here will operate in conjunction with any 
dynamo set to provide safe lighting down 
to a standstill. The supply to the front and 
rear lamps is switched from the dynamo to 
the rechargeable batteries as the bicycle 
speed (and so the dynamo output voltage) 
falls below a predetermined value. 

The unit is inexpensive, simple to make 
and install, and could prove to be a 
lifesaver. 



Features 

By using rechargeable batteries in the back- 
up unit, the need for battery replacement is 
eliminated. The batteries are on charge 
whenever the dynamo operates. To keep 
losses to a minimum, no electronic devices 
are placed in the source/lamps circuit (tran- 
sistor switching causes a small voltage drop, 
enough to affect a 6V system). 

On dynamo systems, the bicycle frame is 
normally used for the return current by 
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Bicycle Light Backup 



NICAD 

BATTERY 


Fig, 1, The ciraiit diagram. 




DYNAMO 

Fig. 2. The component overlay. 


Fig. 3. The printed ciradtfoil side. 


solidly connecting one terminal of the 
dynamo to the frame. Some commerdal 
backup units require that the dynamo is iso- 
lated from the frame, easier said than done. 
The system described here does not impose 
such a restriction, thus making it easier to 
install by current and future dynamo users. 

The output characteristics of all 
dynamos are closely matched to the lamp 
load. On most sets a 3W dynamo supplies 
a 6V, 0.4A, 2.4W front bulb and a 6V, 
O.IA, 0.6W rear bulb. Unfortunately when 
the front bulb blows the rear bulb follows 
in seconds as the output voltage rises. 
When the rear bulb blows, the increase in 
brightness of the front bulb drastically 
shortens its life. 

Choosing The Battery 

Typical AA-size NiCads have a capadty of 
SOOmAh and recommended charging cur- 
rents of 50mA and 150mA for 15 and 4 
hours respectively. When the bicycle is at 
standstill, the total current to both lamps 
supplied by a battery of four NiCad cells is 
around 0.45A, so a fully charged battery will 
last for about 45 minutes without dynamo 
interventioa Obviously the battery \dll not 
be used like this in normal circumstances. 

Non-rechargeable cells can also be used 
if required. The charging circuit com- 
ponents D2, D3, R2 and C2 may then be 
omitted. If over-voltage protection is not re- 
quired the zener diodes can be also 
eliminated. The PCB overlay is shown in 
Hg.2, 

Construction 

The PCB measures only 45x32mm, so it 
was possible to fit all the items (PCB, bat- 
tery and switch) in a compact box measur- 
ing 112x62)61inm. The unit can be neatly 
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fitted on the bicycle tubular frame by 
metal clips, cable ties, etc.. Though less at- 
tractive (but cheaper) two capadtor clips 
were successfully used on the prototype. 

The best position for the unit was found 
by the authors to be on the back of the seat 
down-tube just ahead of the rear 
mudguard. This gives the unit extra 
protection from rain, with the seat (and 
rider) acting as an umbrella. 

No battery holder is used. Instead, the 
NiCad cells are connected in series by 
soldered connections. This is deliberate. It 
eliminates the problem of bad contact that 
bedevils all battery systems and it is more 
compact. Obviously if non- rechargeable 
AA cells are used, a holder will be neces- 
sary and the box made larger. 

At the time of writing three units had 
already been used for two years with ex- 
cellent results. 

How It Works 

Figure 1 shows the complete circuit 
diagram for the unit. Dl, Cl and R1 
provide DC supply to the relay coil. The 
bicycle speed at which the supply to the 
lamps changes over from the battery to the 
dynamo is determined by Rl. For the 
dynamo used, 120R gave a smooth 
changeover with the least light flicker. 

D2, D3, C2 and R2 constitute the 
charging unit. Voltage-limiting is achieved 
by the back-to-back zener diodes ZDl 
and ZD2. There are two modes of opera- 
tion. 

a) Normal, SWl on. When the dynamo is 
stationary the lamps are connected to the 
battery. When the dynamo voltage rises, 
the relay picks up and the lamps are con- 
nected to the dynamo. The peak charging 
current in this mode is about 50mA. 


b) Fast charge, SWl off. If the dynamo is 
engaged with SWl off, the charging cur- 
rent increases to about 90mA. This is use- 
ful to accelerate the battery charging 
during daylight riding. ZDl and ZD2 limit 
the voltage. Without them the charging 
current will reach excessive levels and 
damage the NiCad cells. ■ 



flesfislois 

(all 1/4 W 5% unless specified) 

Rl 120R (see text) 

R2 _,22R1/2W 

Cl^ 2 ....22u 25V electrolytic 

ZD1,2....IN5339B5V6 5W 
Dl-3 IN4001 or similar 

4 NiCads 

FSl lA fuse 

RIA1,„ 6V,120Rcoil, 

SPDT uftra-miniature relay 
SWl SPST toggle switch 

PCBjCatse, mounting clips, fuse, clips, 
nito aud bolts. Most of the com- 
pOE«irts for this project are easily ob- 
tainable from normal sources, k the 
orawlt^e-prctection zener diodes 
are not available, they can be 
omikted,. Any suitable 5 to 6V relay 
can be used, such as Radio Shack 
275-240^ it may be necessary to run 
vsires to the PCB and mount the 
relay off-bosffd 
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Build A Universal 
Charger/Adapter 

Everybody has a house full of battery 
gadgets, ^ at different voltages and 
requiring different AC adapters. 
This project charges or substitutes 
for any battery. 


Audio Circuits: 

The Voltage 
Controlled Filter 

Build this circuit for precise 
voltage control of lowpass, 
bandpass and highpass. 


How Good Is the 386? 

Is the 80386 computer a quantum leap, 
or just another fast AT? 

We ponder the advantages and 
disadvantages in the next issue. 


Plus, of coiu-se, the usual projects, articles and news! 


Subscribe today! 

For advertising or subscriptions, 
please call (416) 445-5600, FAX 445-8149. 
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F YOU WANT TO LEARN 
PC SERViaNG, YOU 
MUST GET INIOA 
MKnOCOMPUTER! 


Learn PC Servicing By Building Your Own 
(PC-XT Turbo) Desk-Top Computer! 

NTS “Home-Study” training gets you right 
down into the heart of computer 
circuitry. Learn how microprocessors 
function, how they operate and 
are used to solve problems. 

Your programme includes a wide 
variety of tests and projects 
you perform as you build your 
own PC-XT-Turbo, circuit board 
by circuit board unit by unit. 


Hands-On Training With Your 
(100% IBM Compatible) PC-XT 
Turbo Puts You At The Leading 
Edge of Technology! 

This remarkable desk-top Micro- 
computer is the most powerful and 
versatile ever offered in any home 
study course .... and It’s yours to 
keep. 


Advanced features of this PC-XT Turbo include: 


PHONE FOR FREE 
COLOUR CATALOGUE 

842-8383 


• IBM is a Registered Trademark of 
IBM Corporation. 

•All Diploma Programmes 100% 
tax deductible. 

• Monthly payment Plan available. 


• 16 Bit 8088 microprocessor for IBM compatibility • 640K Ram for high speed 
performance • 8 expansion slots • 135 watt power supply 

• Dual 360K double density floppy disk drives • Colour graphics/printer adapter card 

• Operating system included: MS-DOS with GW Basic • 4.77 MHz - 8MHz “Turbo”. 


TRAmm THC WORLD FOR THC 21ST CENTURY 

National Technical Schools 
517 Bohemia Cres, Oakville, Ontario 
L6J 2K7 (416) 842-8383 


School Head Office: 456 W. Martin Luther King Jr. Blvd., Los Angeles, CA 90037 


The Amiga Genlock 



Add titles and special effects to your videos 
with an Amiga computer 


N o one can help noticing computer 
graphics on television. There isn’t 
a news program without gleaming 
lettering and other drawings 
swirling and twirling themselves 
into position, and commercials 
often use more computer 
graphics than live action. In some 
cases, these dazzlings graphics are com- 
plex enough that they can’t be done in real 
time; a mainframe computer paints them 
onto film frame by frame. In other cases, 
they might run in real time, but only if you 
have a megabuck graphics generator. 

But suppose you had a 32-bit home 
computer and some sort of black box that 
would let you write your own graphics on 
top of a prerecorded video tape? Just how 
good would those graphics be? Are we 
talking about the electronic equivalent of 
hand-drawn flashcards in a home movie? 
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As it happens, the 32-bit Amiga mated with 
the Commodore Genlock video mixer and 
the appropriate software will let you write 
titles and graphics to your VCR that will 
ho^le you. They’re not in the same league 
as the National, but no one will believe 
they’re from a home computer, either. 

Genlcx:k 

The unit we used for the evaluation was 
the Commodore Genlock 1300. It’s a 
beige box (not a black one) that slides 
comfortably into the cutout in the back of 
the Amiga. The RGB output connector of 
the Amiga mates directly into a connector 
in a small tower on the Genlock. Another 
RGB on the Genlock feeds the monitor, 
and a whole row of RCA phono jacks 
provide various AJV functions. 

There are video and stereo audio in- 
puts; these are fed from a VCR, a video 


camera, another computer’s video out, or 
anything with NTSC composite \ideo and 
line level audio. There are video and 
stereo audio output jacks; these go to 
another VCR to record your efforts. 

A three-position switch lives on the back 
of the Genlock; this lets your computer 
monitor see (a) the computer output only, 
(b) the source video only (the VCR, cam- 
era, etc.) or (c) the mixed video from the 
source and the computer (“overlay”). 

What you can do, in a nutshell, is this: the 
titling or graphic software is loaded with 
your computer/monitor running normally. 
When you get the basic effect you want, you 
start the VCR with your prerecorded tape, 
or your live video camera. If you have the 
switch in the overlay position, you’ll see the 
software’s menu (or whatever) on top of 
your video program. 

Now you can use the computer normally 
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to check the operation of your titles or ef- 
fects, run them with the video, save them, to 
disk, edit them, add more, and so on. The 
Genlock worked perfectly, synchronizing 
and mixing the external video with the com- 
puter image without a hitch. 

How It Works 

The computer's system clock 
comes from the voltage control- 
led oscillator in the Genlock. The 
Genlock extracts the vertical and 
horizontal sync information of the 
incoming video and resets the 
vertical and horizontal beam 
counters in the Amiga logic so 
that the computer video is 
synchronized to the external 
video. 

The Genlock imit also allows 
the video overlay of the computer 
graphics over the external video. 

The incoming composite video is 
decoded into RGB components, 
and the computer RGB is keyed 
in with the external RGB. The 
combined RGB goes to an RGB 
output, and also to the colour en- 
coder which then provides a com- 
posite video out. 

Combining the Amiga video 
with an external video is based on 
the colour set of the Amiga. The 
Amiga uses colour registers 0-31 
in low-resolution mode and 
registers 0-15 in high-resolution 
mode. The colour 0 is designated 
as the background colour. Basi- 
cally, Genlock takes colour 0, the 
background, and makes it 
transparent. When the Amiga 
output is laid over that of the non- 
Amiga source, only the 
foreground colours 1-15 or 1-31 
appear. The picture from the 
non-Amiga source appears in- 
stead of the background colour, 
everywhere that colour 0 would 
have appeared on the Amiga 
monitor screen. 

And how well does all this work? I 
loaded the Sublogic Jet flight simulator, 
with its timeclock set for a black sky. Then 
I loaded a VCR tape of myself talking, and 
there I was, a talking head framed by the 
Jet's canopy and instruments. I could even 
shoot machine guns and rockets into my 
own face. Strange stu^ but a very steady 
picture; the sync circuits work very well. 

Software 

This is what really makes the Genlock shine. 
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The software that comes with it is called 
Titlecraft, and features pulldown menus for 
scrolling your text file (titles) onto the 
screen. It can scroll in one-shot mode or 
various speeds. The text editor includes 
seven fonts (typestyles), with various sizes 
and styles available. TTie software also in- 


cludes a number of animated demo se- 
quences that you can use for your videos. 
Besides robots and bouncing balls, there 
are also boxes, lines and dots for dressing 
up the tides. 

Another titling program is TV*Text, 
from the Zuma Group. This one is much 
more comprehensive, and includes features 
such as variable light angle for shadowed 
lighting, control of the RGB mix for chang- 
ing colours, various backgrounds, grids for 
accurate text placement, and simple anima- 
tion of the titles (fades, colour changes. 


etc.). The extra font disks provide this one 
with a huge range of titling options. 

The most complex program we tried was 
DeluxeVideo from Electronic Arts. This 
one calls up a storyboard and lets you insert 
and remove special effects in jiffies (1/60 of 
a second). For instance, you can set up a 
time-track for the sound, another 
for the titling, another for the 
animated sequence, another for 
background graphics, and so on. 
Then you use the mouse to insert 
the desired effect: fade in, fade, 
out, play, disappear, and so forth. 
Since a time readout lets you coor- 
dinate everything within a sixtieth, 
you get very professional timing of 
your work. W^en you do a test run, 
a remote control appears on the 
screen, and lets you mouse to any 
of the usual remote functions, such 
as fast-forward, single-frame, etc. 
The remote vanishes wiien you're 
ready to tape. 

DeluxeVideo consists of three 
disks. The first is the program it- 
self; it can be copied, but the 
original disk must be inserted in a 
drive during loading so the 
program can check for key num- 
bers. This is one of the more an- 
noying copy protection methods, 
though not as bad as the ones that 
require a piece of hardware stuck 
into a port somewhere. 

The second disk allows playback 
of any \4deo sequence made with 
DeluxeVideo; the third is called 
the Framer and lets you do 
animated sequences from pre- 
viously drawn frames. Incidentally, 
DeluxeVideo is compatible with 
the DeluxePaint program. This lets 
you create and embellish graphic 
sequences for later mclusion. 

Another optional disk is the 
Post Production. This mcludes a 
fairly wide selection of title 
graphics, most of which are par- 
odies of famous film and TV titles, such as 
20th Century, the Twilight Zone and others. 

Obsessed... 

If you've ever had the urge to play Director 
but were stopped by the high cost and com- 
plexity of video effects, you'll become ob- 
sessed with what you can do with the Gen- 
lock and the third- party software, par- 
ticularly DeluxeVideo, one of the best- 
thought-out pieces of software I've ever 
used. You'll te running a VCR cassette and 
a computer disk late, late, into the night. 
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The storyboard for the DeluxeVideo software, Eadt track (horizon- 
tal line) and each ^ect (the small tags) can be manipulated with 
the Amiga^s mouse, allowing effects such as cuts, fades, wipes, etc., 
within 1160 of a second. 



A title done with TV^Text . This software has a comprehensive 
selection of fonts, effects and backgrounds. The performer in the 
video is a little-known superstar. 
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Programmable Thermometer 

The Instrulab model 4200 programmable 
platinum RTD digital temperature indicator 
can be programmed in the field without 
calibration equipment of any kind. Only the 
calibration constants need be entered into the 
instrument’s memory; it accepts both 25 and 
100 ohm sensors. Accuracy is +/- 0.03®C over 
the entire range of -183° to + 65(f C. Tradeport 
Electronics Group. 
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Surge Suppressing Thermistor 

The ICL series thermistors are designed for in- 
rush current limiting for power supplies, 
motors, transformers, etc. Its cold resistance is 
10 to 50 times higher than its hot resistance, 
limiting the initial current surge; self-heat 
drops the resistance for normal operation. 
Avaflable in maximum-current ratings from 
1.6 A to 16A. Fenwal Thermistors. 
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3-inch CD Adapter 

Discwasher has introduced an adapter to permit the play- 
ing of the new 3-inch compact disc singles in standard 5- 
mch machines. Once attached, a 3-mch CD single can be 
cleaned, played and stored without ever needing to remove 
the adapter. There are two adapters per package. At audio 
dealers. 
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Power Line Monitors 

BMI provides power line monitors for faults relating to line 
voltage. The GS-Series monitors provide visual and audible 
indications when a problem develops. Two of the three 
models available provide printouts of important data. Dun- 
can Instruments. 
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TECHNOLOGY 


The ABCs of 
Coaxial Chiles 

Coaxial cables are the arteries of the wired city; 
here's how they woric. 



1 M he number of alternative cable con- 
structions being placed before the sys- 
tem installer is vast and growing daily. 
This is a sign of a healthy industry, but it 
does not necessarily ease the pressure on 
the individual who has to make the final 
choice on the type of cable to be in- 
stalled. It is however, one of the most im- 
portant decision which will be taken, since 
the consequences of a mistake can be ex- 
pensive. It is a little like the old adage that 
the medical profession buries its mistakes, 
except that in this case, the difficulty of 
retrieving the situation is mainly due to the 
fact that the mistake actually has been 
buried. 

In this article, I hope to make that selec- 
tion a little easier by examining the merits 
(and otherwise) of the various materials 
and constructions on the market, but 
before that can be achieved, the reader 
must have a basic understanding of the 
parameters which influence the design. 

The Design Parameters 

The basic requirement of the cable is that 
it must be capable of transmitting informa- 
tion in signal form from one point to 
another with minimum loss and distortion. 
There are four electrical parameters of the 
cable: its characteristic impedance, at- 
tenuation, return loss, and outer conduc- 
tor shielding efficiency, which have a 
major bearing on the level to which this is 
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achieved, while the environment through 
which the cable has to travel will dictate its 
mechanical/physical characteristics. 

Electrical Considerations 

The design process starts with a menu of 
requirements generally set by the end 
user. Two to these stipulated requirements 
must be the characteristic impedance and 
attenuation of the cable, since it is from a 
combination of these parameters that the 
basic design is formed 
Characteristic Impedance 
The value of the system characteristic im- 
pedance is fixed to ensure that minimum 
mismatch between components occurs, 
thus ensuring maximum power transfer. For 
cable TV, this is now universally set at 75 
ohms. The characteristic impedance does 
not have an influence on the overall size of 
the cable, but it does determine the ratio 
between the outer and inner conductor 
diameter. This ratio can be varied by em- 
ploying different dielectric materials; reduc- 
tion in the relative permittivity of the 
dielectric (a measure of storage capability) 
results in a corresponding reduction in the 
ratio. 

Attenuation 

The attenuation of the cable is made up of 
two basic components; the conductor loss 
which varies with the square root of fre- 
quency and the dielectric loss which varies 
directly with the frequency. 


The conductor loss can be broken down in 
turn into its inner conductor and outer 
conductor components of which the 
former is normally greater than 80%. 

The dielectric loss is proportional to the 
square root of the permittivity and linearly 
related to the loss angle of the material. 
This means that there is no conflict of re- 
quirements, since again reducing the per- 
mittivity results in a lower loss. The 
dielectric component of attenuation is to- 
tally independent of the physical size of 
the cable, ie, for the same insulating 
material, it is identical for a truck and a 
small drop cable. 

Return Loss Ratio 

Return loss is the logarithmic ratio of the 
input voltage to the reflected voltage from 
the cable, and is the result of internal cable 
mismatch. The characteristic imf)edance 
of the cable is dependent on the permit- 
tivity of the dielectric and the diameters of 
the inner and outer conductors, which 
means that any variation in these 
parameters along the length of the cable 
will result in a corresponding variation in 
the characteristic impedance. Return loss 
is therefore not a calculated parameter but 
more a monitor of the competence of the 
manufacturer in producing the cable. It is 
still a characteristic however, which the 
design engineer must consider very care- 
fully. The material or construction of the 
dielectric has to be selected such that it 
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can either be manufactured to very fine 
tolerances or so that the effect of any ir- 
regularities can be minimized through 
subsequent processing. In the USA and 
Canada, for example, a variable technique 
is often favoured, but it can produce read- 
ing 6 db more optimistic than the major 
European fixed bridge method. 

Shielding Effictency 
The selection of the type of shield to be 
employed in the cable is based on an un- 
derstanding by the design engineer of the 
performance of the various forms of outer 
conductor, taking into account the en- 
vironmental and installation conditions to 
which the cable will be subjected. 

Although the shielding isolation is not a 
calculated parameter, it is very much de- 
pendent on skin effect. This is the 
phenomena resulting from nonuniform 
flux cutting across the surface of the con- 
ductors, where the current is forced to the 
outer surface of the inner conductor and 
the inner surface of the outer conductor. 

Mechanical and Physical 
Considerations 

The mechanical and physical properties of 
the cable are very dependent on the instal- 
lation and environmental conditions to 
which it will be subjected. There are six 
basis parameters to consider. 

1. Cmsh strength 

This is particularly important if air is used 
as an integral part of the structure of the 
cable, /e, with cellular and semi-air- 
spaced dielectrics. 

Z Longitudinal Pull Strength 
The cable has to have sufficient internal 
mechanical strength to withstand both the 
longitudinal pulling forces sustained 
during installation and also the forces en- 
countered in situ, particularly when fas- 
tened to poles above ground. 

3. Flexibiity 

The desired level of flexibility is very much 
dependent on the method of inst^ation. 
Ri^d cables cannot be pulled, without dif- 
ficulty, into conduit or ducting, but can have 
advantages when installed above ground. 

4. Abraison resistance 

The outer sheath must be capable of 
withstanding the abrasive effect en- 
countered during installation into conduit, 
ducts or through any confined spaces. It 
has been the practice in a number of 
countries to apply an increased radial 
sheath, so that any external damage will 
still not result in failure of the cable, but 
the use of abrasive resistance materials is a 
far more successful solution. 
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5. Resistance to 
environmental conditions 

After surviving the rigours of installations, 
the cable must also be capable of 
withstanding the predefined environmen- 
tal conditions to which it will be subjected 
during its operating life. These may in- 
clude high temperature, low temperature, 
ultra- violet light, solvents, water, abrasion, 
insects or rodents, to name but a few. 

6. Cable weight 

As a general rule, a reduction in the cable 
weight results in a corresponding im- 
provements in the case of installations. A 
myth which is worth dispelling is that dif- 
ficulties in pulling long lengths of cable 
through ducts is due to the physical weight 
of the cable; these difficulties are far more 
likely to be the result of frictional resis- 
tance built up between the surface of the 
cable and the duct lining. 

The Electrical Design 

The design engineer uses a combination of 
the characteristic impedance and attenua- 
tion requirements to determine the op- 
timum size and construction of the cable. 
The formulas for the parameters are 
derived from long-line transmission theory, 
and since this is shown in a number of ad- 
vanced electrical engineering text books, I 
will take liberty of simply discussing some of 
the characteristics of the final equations. 
These equations are for coaxial cable 
having a solid inner conductor, and an outer 
conductor construction of either a solid 
tube, a tape, a tape and braid, or a foil braid. 
Characteristic Impedance 
The characteristic impedance varies inver- 
sely with the permittivity and directly with 
the log of the ratio between inner and 
outer conductors. 

If the characteristic impedance Zo if 
fixed and the relative permittivity of the 
dielectric is constant, the ratio of the outer 
to the inner conductor must always be the 
same. To give an example, for a 75 ohm 
solid polyethylene dielectric cable 
(dielectric relative permittivity Erd of 2.28) 
the ratio of conductors is 6.61. This is im- 
portant because, although the characteris- 
tic impedance for a particular dielectric 
does not fix the size of the conductor, it 
does totally govern the ratio of the 
diameters of the conductors. 

It can also be seen that for a specific 
characteristic impedance, the only way 
that one could practically reduce the D/d 
ratio would be to lower the dielectric per- 
mittivity Erd. Reducing the D/d ratio has 
the advantage that for a fixed overall cable 


diameter, the inner conductor will be in- 
creased and, this will reduce the attenua- 
tion. 

Attenuation 

The first term of the attenuation for- 
mula, which varies as the square root of 
frequency, is the conductor loss in the 
cable. Since the ratio of the inner and 
outer conductor diameters, for a specific 
dielectric, is fixed by the characteristic im- 
pedance value, then the ratio of the inner 
to outer conductor loss is also fixed at the 
same value as long as the conductor 
materials are the same, ie, for a 75 ohm 
solid polyethylene cable with D/d ratio of 
6.6, the inner conductor loss is 6.6 times 
greater than the outer conductor loss. ITie 
lower the permittivity, the lower becomes 
the conductor ratio, and therefore for a 
fixed outer conductor diameter and hence 
loss, the inner conductor loss reduces as 
the conductor diameter increases. Since 
changes to the inner conductor diameter 
have the greatest effect on the overall loss, 
and since the quality of materials used in a 
fixed outer conductor diameter cable 
would be relatively constant, then an im- 
provement in attenuation can be created 
without causing any significant increase in 
the cable cost. As one would expect, the 
loss is also dependent on the resistivity of 
the conductors, and can therefore be 
reduced by using the lowest possible resis- 
tivity materials. It is interesting to note, 
however, that the loss is proportional to 
the square root of the resistivity and not 
directly to it, as is the case with DC. This is 
the result of skin effect, and in practical 
terms means that if the cable Ls to operate 
at VHP and above, then higher resistivity 
conductor materials can be used without 
the detrimental effect normally ex- 
perienced at very low frequencies. 

At first sight, one would also suppose 
that the conductor loss could be reduced 
simply by increasing the characteristic im- 
pedance, but this is not in fact the case, be- 
cause Zo is also dependent on the con- 
ductor ratio. This is, however, a condition 
for minimum attenuation which occurs 
when the ratio equals 3.59, and the same 
ratio applies whatever conductor (both 
conductors of the same material) or 
dielectric materials are used. This means 
that from a cable transmission point of 
view, for minimum attenuation the charac- 
teristic impedance should be as follows: 

• For a solid polyethylene cable Zo = 50.8 

• For a semi-air-spaced cable Zo = 64 

• For an air-spaced cable (Erd = 1) Zo 
= 76. 
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The next term in the attenuation for- 
mula is the dielectric loss, and varies 
directly with frequency. In all practical 
cases, the dielectric loss even at high fre- 
quencies is generally small m relation to 
the conductor loss, eg, for a distribution 
cable such as Raydex CT1G7, at 400MHZ 
the dielectric loss accounts for ap- 
pro^dmately 10% of the total attenuation. 
It must be noted that the dielectric loss at 
a specific frequency is only dependent on 
the electrical characteristics of the 
dielectric being used, and is totally inde- 
pendent of the cable size. This means that 
for a constant type of insulating materials, 
the dielectric loss is the same for a large 
trunk cable and small drop cable, and the 
attenuation can never be reducted below 
this fixed dielectric loss. 

If the characteristic impedance and at- 
tenuation at a specific frequency are known, 
then the ratio of inner to outer conductors 
can be calculated from the attenuation and 
characteristic impedance formulas respec- 
tively for various combinations of conductor 
and dielectric materials and hence the ac- 
tual physical dimensions of the conductors 
can be .determined. The characteristic im- 


pedance governs the relationship between 
the inner and outer conductor diameters, 
and the attenuation requirement deter- 
mines the physical size. 

Skin Effect 

The phenomenon known as skin effect, af- 
fects the high frequency resistance of the 
inner and outer conductors, the attenua- 
tion and also the shielding efficiency of the 
outer conductor of the cable. As the fre- 
quency is increased, the current in the 
cable is pushed further and further to the 
outer surface of the inner conductor and 
further and further to the inner surface of 
the outer conductor. 

If one considers the positions in the 
inner conduetor by imagining it to be 
made up of an infinite niunber of parallel 
elements of equal resistance, then, as the 
magnetic field expands and contracts, the 
flux that euts the surface elements will be 
only that flux whieh is exterior to the inner 
conductor at the time of maximum field 
expansion. The same flux cuts the inner 
element but, in addition, the inner element 
is also cut by the flux that was m die con- 
ductor itself at the time of maximum field 


expansion. This means that there is greater 
flux cutting at the centre of the conductor 
than at the surface which, in turn, creates a 
small inductance gradient is small, the in- 
ductive reactance gradient becomes large 
at higher frequencies, affecting the flow of 
current, most of which flows near the sur- 
face where the impedance is low. Since the 
effective area of the conductor is reduced 
the resistance is increased. 

Summary 

If I had authority to string the cable on 
poles above ground and the maximum re- 
quired frequency at the operating level 
was never to rise above 300 MHz, then I 
would carefully consider the use of an 
aluminiun tube/gas injected foam cable. If 
the frequency band above 300 MHz was 
required, then I would replace the foam 
with a semi-air spaced dielectric, but one 
in which the mechanical strength 
remained constant along its length in 
order that tube kinking did not become a 
problem. It is possible, however, that I 
would be looking for higher braid covers, 
for use in areas where there were greater 
levels of interference. ■ 
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Call (416) 4455600 


Fax: 4154456149 



( METERS FOR EVERY JOB! 'l 

VALUE PRICED 



MODEL GDM-8035 
DIGITAL BENCH 
MULTIMETER 

Six functions including AC/DC 
voltage, AC/DC current, resis- 
tance and diode test, 20A high 
current range and 1 200V high 
voltage range, accuracy 0.1%. 

Circuit protected, seven segment 
LED display. 

$325 > Plus $10 for shipping & handling. 



HC-5050E 


MODEL HC-4510 
4-1/2 DIGIT ACCURACY 

200mV to 750V AC, 200mV to 1000V 
DC and 2mA to 10A AC/DC currents 
plus resistance 20 ohm to 20M ohm. 
Overload protected, 9V battery 
included. 

$134.50 

Carrying case: add $10.00. 

Plus $5 for shipping & handling. 

HC-5050E 
DELUXE ANALOG 
MULTIMETER 

1 4 DC volt ranges to 1 200V and 
1 3 AC ranges to 3300V plus AC/DC 
currents, DC resistance and dB. 
Accuracy 2.5% DC and 3.5% 
AC. Complete with carrying case. 


$59.95 


Plus $5 for shipping & handling. 
eSA approved where applicable. 

Order by phone or mail. Credit card, money order, cert, cheque or 
C.O.D. Ontario residents add 8% P.S.T. 

KB ELECTRONICS 

355 Iroquois Shore Road, Oakville, Ontario L6H 1M3 
Tel: (416) 842-6888 • Telex: 06-982396 KBELOKVL 
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And now it's 
"Squash Power" 

In the glassy nether reaches of Bow- 
ditch Hall on the campus of the 
University of Massachusetts a funny 
thing is happening. Squash power is 
being unleashed to help celebrate 
that university’s 125th anniversary. 
What is Squash Power? Well, in this 
case its a giant “cubical cucurbit,” a 
giant squash that is forming itself into 
a huge cube and generating some 
potent power while doing so. 

The somewhat Frankensteinian 
fruit of a sturdy Hubbard squash has 
been confined to a foot-square acrylic 
growth chamber, with nowhere to go 
but down — compressing, as it goes, a 
set of springs, which is connected to a 


set of load cells, which in turn, is con- 
nected to a balance beam. And here 
the fun begins. 

That beam is the business end of a 
“Squash Power Device” which will aid 
the squash in hoisting a John Deere 
tractor out of sheer frustration. 

It was back in 1984 when a “giant,” 
“mighty,” or “tortured” squash experi- 
ment was conducted by Colonel Wil- 
liams S. Qark, the university’s third 
president and a somewhat flamboyant 
botanist. Clark’s experiment was 
designed to demonstrate “scientific 
agriculture” through the phenomenal 
power of plant cell multiplication. And 
now it is being re-enacted, but with 
some embellishments. 

Clark’s squash, probably grown in 
an early glasshouse, hoisted two-and- 
a-half tons worth of anvils, anchors, 
drainpipes, barrels of sand and 
‘Svhatever else he found lying around 
French Hall,” before it expired, ac- 
cording to John W. Denison, profes- 
sor emeritus. 

Lester Whitney, professor of food 
engineering and a tireless tinkerer, 
designed today’s apparatus. A team 
installed the basketball-sized squash 
into its clear plastic growth chamber. 
The squash chosen for the experi- 
ment was one of a crop of 30 planted 
Christmas Day in the greenhouse and 
narrowed down steadily to the two 
most vigorous. The chosen vine has 
been growing at the rate of an inch to 
an inch-and-a-half per day. It will con- 
tinue to grow as the fruit continues to 
expand, filling every crevice of the 
growth chamber before heading inex- 
orably down. The experimenters 
think their more sophisticated 
machine will be able to show lifting 
power considerably in excess of the 
two-and-a-half-tons demonstrated by 
Qark. 

“His was such a Rube Goldberg 
device it really didn’t tell him much,” 
commented Whitney. “I think he was 
lifting more than 5,000 pounds. I think 
we’ll be able to lift as much as 30,000.” 


Fig, 2. TJie Sea Whip, Canadian-desigtied and produced 
remote-controlled mobile undersea camera system operates in fresh 
or salt water at depths if 500 feet where pressures reach 250 ps. 


Deep-sea vehicles from 
Canada's prairie land 

It’s called the Sea Whip, this 
Canadian-designed and built remote- 
controlled, mobile undei'sea video 
camera system. And it operates in 
fresh or salt water at depths of 50 feet 
where pressures reach 250 psi. 
Manufactured by Sea Scan Technol- 
ogy (Canada) Inc., of Calgaiy, Alberta, 
the Sea Whip has two horizontal 
thrusters which provide forward 
speeds up to 2.0 knots, as well as 
reverse and steering thrust. Two verti- 
cal thrusters move the vehicle vertical- 
ly and laterally. An umbilical cord con- 
nects the vehicle to a control centre on 
a surface vessel. Here an operator can 


Fig. 1. Lester F. Whitney, (left) Professor, Food Engineering University of Massachusetts-Amherst, and 
his team prepare the equipment and the squash to demonstrate the effect of 'Squash Power. '' 


watch a digital display of depth and 
heading on a video monitor, control 
the motion of the vehicle, and direct it 
to perform other tasks. 

The most important of these is ob- 
servation, using a tilting colour TV 
camera. The iris of the camera is con- 
trolled from the surface and light for 
the video image is provided by two 
quartz halogen lamps. The images are 
displayed on the video monitor and 
can be recorded on video tape. 

Conceptually, the Sea Whip is a 
cylinder capped with two hemispheres. 
These hemispheres are fabricated of 
clear acrylic plastic material, and 
provide the window for the video 
camera. These aciylic dome’s fit into a 
joint of unique design in a hard- 
anodized 6061 aluminum flange on the 
end of the cylinder. 

A U-shaped groove is machined 
into the flange of this joint to receive 
an O-ring. Above the O-ring, the 
groove is enlarged and half-filled with 
self-leveling silicone adhesive-sealant. 
The edge of the acrylic dome is then 
placed against the O-ring in the larger 
groove and the sealant flows around 
the edge of the plastic, filling the 
groove. Finally, the sealant is allowed 
to cure for 24 hours at room tempera- 
ture, forming a durable silicone rub- 
ber that provides a reliable seal even at 
high pressures. 

According to Peter E. Jess, presi- 
dent of Sea Scan Technology, the 
operation of the Sea Whip depends 
upon the reliability of that seal which 
must cure free of bubbles. Even one 
bubble would form a weak spot that 
could break and produce a leak at 
operational pressure. As well, the seal 
must not only withstand compression 
during descent but also must recover 
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its properties during ascent. It must 
also function in Arctic waters and 
tropic seas. 

Delicate objects 
protected by this French 
development 

Known as the Sac-Choc, this new 
method of packaging delicate items, is 
an advanced depressurized packing 
bag from a French company, Lepinoy 
Industrie S.A.RL. of Dijon, France. 
The bag consists of a sealed PVC en- 
velope that contains shockproof, in- 
sulating polystyrene granules encased 
in elastomeric tubes which maintain a 
uniform thickness of packing 
material. After the item to be pack- 
aged has been wrapped, the envelope 
is depressurized by means of a self- 
sealing valve with a vacuum pump. 
This causes the bag to be molded 
around its contents and hardened 
without any pressure being applied 
directly to the contents. 

Unpacking requires only the open- 
ing of the valve which releases the 
vacuum and restores the envelopes 
pliability. The bag is nonflammable 
and antistatic as well as being 
transparent to X- rays. Packaging and 
drawing a vacuum is said to take less 
than a minute. The manufacturer 
states their packaging development 



Fig. 3. Want to ship an egg by 
post all the way from France to 
the U.S. and back? Using Sac- 
Choc technology, that's how this 
egg travelled, without so much 
as a crack appearing in its shell 

would be of interest to producers of 
the computer and electronic parts, op- 
tical and laboratory equipment, and 
any other delicate items. Lepinoy of- 
fers a dual-envelope model, one that 
has the outer envelope inflated so that 
the inner, depressurized cocoon sits in 
pneumatic suspension, somewhat like 
being suspended in the centre of an 
inflated balloon. Lepinoy states their 
Sac-Choc system is used extensively by 
such major museums as the Louvre, 


Musee d’Orsay, and Palais de Tokyo. 
As well it is being used to transport 
medical supplies, such as blood, and 
human organs for transplants. 

The photo at left demonstrates the 
protective properties of Sac-Choc. The 
company wrapped a chicken egg in a 
Sac-Choc package and sent it by post 
from Dijon, France to San Francisco 
and back, without so much as a crack 
appearing on its shell. 

Sandia provides detais 
about new supeioonductor 

Scientists at Sandia National 
Laboratories, Albuquerque, New 
Mexico, reported in early march 
details of a new ceramic superconduc- 
tor that loses its electrical resistance at 
120° K (— 243°F). The superconduc- 
tor, a ceramic material, contains thal- 
lium, barium, calcium, copper, and 
oxygen. Experimental results with 
similar thallium-containing materials 
were also announced by the University 
of Arkansas and the IBM Almaden 
Research Center, San Jose, California. 

The Sandia material is strongly 
diamagnetic, indicating that more 
than 60 percent of the sample is su- 
perconducting. It also exhibits an un- 
usually high critical current — more 
than 1,000 amps/cc at liquid nitrogen 
temperature — in a 50 percent dense 


material. (Critical current is the cur- 
rent above \\liich the material loses its 
superconductivity.) The critical cur- 
rent measured in this material is as 
high as that measured in the 90 K 
high-temperature oxide superconduc- 
tor, yttrium barium copper oxide, the 
Sandia researchers noted. The yt- 
trium-containing material must be 
cooled to much lower temperatures 
before it becomes superconducting. 

Sandia’s material is prepared by 
heating the starting ingredients at 
850°C for 10 minutes, during which 
time the thallium melts and helps syn- 
thesize the superconductor. It is then 
placed in an oven and baked at the 
same temperature for 12 hours in an 
oxygen- rich environment. The result is 
a superconductor that contains ratios 
of the various ingredients correspond- 
ing to one atom of thallium, one atom 
of barium, one atom of calcium, and 
two atoms of copper plus oxygen. 
These atoms are arranged in tetra- 
gonal units cells, with an extended 
perovskite structure similar to that 
seen in some lanthanum -strontium- 
copper oxides. The Sandia scientists 
have found that the relative amounts 
of calcium and barium can be changed, 
so long as the total is the same, 
producing a range of materials that be- 
come superconductive at more than 
110°K. ■ 



EXCLUSIVE REPRESENTATIVE FOR ARI IN CANADA 


The World's First Pen-Style DMM with Built-In 10MHz Logic Probe 


ARI manufactures a complete line of electronic test equipment, including EPROM, EEPROM, and PLD programmers. 
IC testers. Cable testers. DPMs, DMMs, and Logic testing devices. Call or write today for your free Brochure. 


INTRODUCING 

THE AR-KX) MAXI-PROBE™ 


Measure: 

• Volts • Ohms • Diodes 

• Audible Continuity 
And: 

TTL & CMOS Logic To 10MHz! 
Features; 

• Screw-On Accessory Tips 

• Data Hold 


INNOVATION, NOT IMITATION 

The AR-100 Maxi-Probe. Unheard-of features and performance in one small 
package. Volts. Ohms. Audible continuity. Data Hold. Then add a full- 
function, TTL/CMOS logic probe. Screw-on accessory tips. Diode 
Test. Test Leads. And a storage case. 

Result: All the functions you need for both analog and 
digital testing in one small package, at one Low 
price. 

So visit your local ARI distributor and 
take hold of the future, today. The 
AR-100 Maxi-Probe. All 
others pale by com- 
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Get 

thebest 



prcfeiOTal 

de^tq) 

puUjshji^ 

•Brochures ‘Catalogues •Forms •Instructions 
•Parts Lists ‘Price Lists ‘Sales Flyers 
•Production Information ‘Technical Documentation 
•Training Manuals ‘Directories 
•Corporate Identity Packages ‘Annual Reports 
•Menus ‘Magazines... 
and much more 

Call 



COMMUNICATIONS 

Kenneth Marskell 
(416)445-5600 

A Division of MOORSHEAD PUBLICATIONS: 1300 Don Mills Road, North York, Ontario M3B 3M8 FAX: 416-445-8149 



TEST PROBES, INC. 

LTL S1000A Test Leads 
WAS $23.50 SALE $16 
126083 BNC-CRCX: Cable 
WAS $12.70 SALE $8.61 
SP100 Probe X1-X10 
WAS $53.10 SALE $39.95 
MI2DMA RF Probe 
WAS $67.80 SALE $45.60 
P100X10 Probe 
WAS $41 .70 SALE $32.00 


Bsckmstn Industries! 




20MHz Compact 
Oscilloscope 

2 Channels, max. sensitivity 2 
mV/div.; Component Tester. 
Timebase: 0.2s-20ns/div. incl. 
Mag. X 10. Variable Hold- 
Off. Triggering DC to 40 
MEk; TV-Sync-Separator; 

Trigger-LED. 

WAS $999 SALE $795 


OPTO COUNTERS 

Model 8010S 
Bench Model 
reads to 1 GHz 
WAS $839 
SALE $650 


Model 1300H 

Reads to 1.3GHz 

WAS $240 
SALE $205 


CIRCUITMATE 
DM 73 Probe Meter 

WAS $96.48 
SALE $78.00 
CM20A 
Capacitance 
Meter reads to 
20,000 ufd 
WAS $233.60 
SALE $190.00 
320 

Professional 
Digital with 
0.1% accuracy 
WAS $308.94 
SALE $245.00 


TRIPLETT METERS 

Model 3350 Auto Ranging 
WAS $155 SALE $85 
Model 6500 Cable Fault Locator 
WAS $995 SALE $620 


DEMO or USED EQUIPMENT 
ETE 400 Digital Pulse Generator 
WAS $3495 SALE $2160 
IE1620 Logic Andyzer by INTERPLEX 
WAS $3695 SALE $2275 
TEKTRONIX 434 Storage Scope 
WAS OVER $2500 SALE $835 
TEKTRONIX Camera Model C5B 

CA/pepicA 

COLINE-TPI Power RF Meter 

DCtolGHz 

WAS $1210.80 SALE $610.80 


HZ54 Switchable X1-X10 Probe 

DO250 MHz 
WAS $77 SALE $35 


AR460D 
LCR Meter 

WAS $315 
SALE $265 

AR 700T 
4 1/2 Digital 
WAS $315 
SALE $265 

AR280CA 
Current Qamp 
Auto Ranging 
WAS $205 
SALE $175 

AR110CF 
Temperature 
Converter 
WAS $65 
SALE $52.50 
AR140 

3 1/2 Digital 
WAS $70 
SALE $59 


1.2 


BUS 

ELECTRONICS 
LIMITED 


SOME ITEMS ARE LIMITED SO PLACE YOUR ORDER EARLY J 
SALE ENDS, SEPTEMBER 1, 1988. 

BCS Electronics Liniited 

980 Alness St. #7, Downsview, Ontario M3J 2S2 
(416) 661-5585. FAX (416) 661-5589 
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HITACHI DIGITAL STORAGE SCOPES 

SPECS TO SPARE! 



Specs are important, that’s why Hitachi DSO’s offer the 
features and performance today’s engineers demand. 
The VC-6165 features 100 MS/S per channel sampling, 
100 MHz real-time and repetitive storage bandwiths. 
Single shot storage bandwith is 25 MHz using a true 
minimum 4 sample per cycle interpolation to provide the 
highest reproduction accuracy. 


Other features like 4K horizontal resolution per channel, 
cursor measurement functions, standard GPIB and plotter 
outputs, plus battery backup on save memories make 
Hitachi specs hard to beat. 

Check the specs of our other DSO’s as well as the quality, 
reliability and price. We’re sure you’ll choose Hitachi. 

Call 1 -800-268-3597 for a demonstration. 



Hitacni vu-buzu 

• 20 MHz real-time • 1 MS/s digitizer 

• compact size • GPIB • Plotter output 



Hitachi Denshi, Ltd. (Canada) 

Performance Proven Electronics 


Head Office: 

65 Meiford Drive, Scarborough, 
Ontario M1 B 2G6 
Tel.: (416) 299-5900 


Ottawa Office: 

159 Colonnade Road, Unit 3 
Nepean, Ontario K2E 7J4 
Tel.: (613) 727-3930 


Eastern Office: 

8096 Route Trans Canadienne 
St. Laurent, Quebec H4S 1 M5 
Tel.: (514) 332-6687 


Western Office: 

3433-12th Street N.E. 
Calgary, Alberta T2E 6S6 
Tel.: (403) 291-4388 
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